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BILIARY INTESTINAL ANASTOMOSIS FOR 
OBSTRUCTIVE JAUNDICE 

ANALYSIS OF ONE HUNDRED AND THIRTY-SEVEN CONSECUTIVE CASES * 

E. STARR JUDD, M.D. 

AND 

BENNETT R. PARKER, M.D. 

ROCHESTER, MINN. 

We have studied 137 consecutive cases in which anastomosis of the 
biliaiy and the gastro-intestinal tracts was carried out at the Mayo Clinic 
from 1919 to 1924 inclusive. We wished to ascertain, if possible, the 
end-results of these operations and any other related data which might 
be correlated and used in the interpretation of the clinical and pathologic 
manifestations of the various lesions. Obviously, in such a series there 
are many complications, great technical difficulties and a high mortality 
rate. The malignant cases were hopeless and the patients were usually 
in extremely poor general health when they presented themselves for 
treatment. Many of them were jaundiced and had had previous opera- 
tions, some of which had caused their chief complaint, as for example, 
strictures. All were poor risks and required heroic measures for cure, or 
even for some degree of relief. 

Every patient with jaundice, or who had recently been jaundiced, was 
observed in the hospital before operation. A diet high in carbohydrates 
was given, fluid was forced, and calcium chloride was administered intra- 
venously. The coagulation and calcium time of the blood were esti- 
mated, the serum bilirubin was determined, and tests of hepatic function 
were carried out if indicated, as well as other special tests which might 
have direct bearing on the case. As soon as the serum bilirubin dropped 
to within normal limits and the patient's condition permitted it, opera- 
tion was performed. In many cases, however, the serum bilirubin did 
not drop and surgical intervention was imperative, so the risk was 
accepted and the operation performed. 

A review of results in individual cases was not encouraging, but by 
studying the series as a whole and noting the progress of the \-arious 
groups, we found that the end-results were better than we had antici- 
pated in cases in which there was even a reasonable chance of improve- 
ment or cure. 

* From the Division of Surgery, Alayo Clinic. 



2 ARCHIVES OF SURGERY 

For purposes of comparing malignant and benign lesions, the cases 
were divided into series: (1) carcinoma of the pancreas, thirty-four 
cases ; (2) carcinoma of the ducts, nine cases ; (3) carcinoma or pan- 
creatitis, fourteen cases ; (4) pancreatitis, eleven cases ; (5) stenosis of 
the bile ducts, sixty-two cases; (6) intrahepatic jaundice (biliary cir- 
rhosis), four cases, and (7) miscellaneous, three cases (one congenital 
absence of the common duct, one perforating duodenal ulcer causing 
obstruction of the duodenum and common duct, and one painless jaundice 
without demonstrable cause). For obvious reasons cases of the same 
series in which some condition is common to all will be compared. 

Table i. — Carcinoma of Pancreas (First Series) 
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* Two lived six months, one nine months, and one eighteen months. 

t One lived four months, and one hftcen months. 

t One lived three months, one four months, two five months, and one six months. 

i Lived seven months. 

CARCINOMA OF THE PANCREAS (FIRST SERIES) 

This series of thirt 3 '-four cases is subdivided into four groups 
(table 1). In grouf) 1 were twelve cases (35.29 per cent) in which colic 
without pain was the chief symptom as distinguished from pain with or 
without jaundice ; in group 2, eight cases (23.52 per cent) in whicli there 
was pain without colic; in group 3, thirteen cases (38.25 per cent) in 
which there was neither pain nor colic, and in group 4, one case ( 2.94 per 
cent) in which there was both pain and colic. In the past it has been 
generallv accepted that “painless” jaundice signifies a malignant con- 
dition. In this series of proved carcinoma of the pancreas, there was a 
history of pain, colic or both, in 61.75 per cent, while in only 38.25 per 
cent there was no jiain or colic. 

In the first group the symptoms had been present nearly three times 
as long as in the cases in which there was pain alone (second group), 
and ten times longer than in the group in which there was no iiam or 
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colic (third groujj). In the first group the average duration of jaundice 
was seven and three-tenths months, and in the other two groups only 
one and five-tenths months. Intermittent jaundice was common in the 
first group in five of twelve cases, it was uncommon in the second group, 
and in the third, constant. The average length of life after operation in 
the first group was nine months, in the second group nine and five-tenths 
months, but in the third, only four and six-tenths months. 

Life expectancy in the first group was definitely longer than in the 
other groups. It was shortest in the third group ; in the second it ^vas 
between the first and the third. This is interesting in view of Judd and 
Hallberg’s report on the results of cholecystectomy in cases of chole- 
cystitis graded 1 and 1 — . They found that patients presenting histories 
of colic and pain alone were cured or improved more often by removing 
the gallbladder than were those whose predominating complaint was 
d 3 *spepsia without pain or colic. Seventy-eight per cent of patients suf- 
fering from abdominal colic, and 91.2 per cent from tvpical biliary colic 
were either cured or greatly improved by removal of the gallbladder, and 
only 53.6 per cent with a history of dyspesia without colic or pain were 
cured or improved. These data are mentioned because of their 
apparent prognostic ^'alue. A stretch of the imagination may be required 
in order to compare cholecystitis to carcinoma of the pancreas; the 
comparison is made more for the purpose of calling attention to the 
relationship than for the purpose of drawing conclusions. 

The history extending over many months which is elicited in certain 
cases of carcinoma of the pancreas may be interpreted as due to a lesion 
in the biliary tract, even though in most cases such a lesion is not found 
at the time of the oi^eration; we are, instead, dealing with recent 
manifestations of what probably is an entirely new entity, the earlier 
symptoms possibly being due to an infective process in the biliar}* tract 
with periods of remission, a point strikingly brought out in cases of true 
pancreatitis. Possibly true pancreatitis exists before the malignant 
change, which would explain the relatively long duration of symptoms. 
It does not seem likely that carcinoma could have existed from the begin- 
ning of symptoms. 

It will be noticed that age incidence and average life expectancy after 
operation are essentially the same in three groups, though slightly shorter 
in the group without pain or colic. The relation of the predominating 
S3rmptoras, pain and colic, to the length of the history and the duration 
and type of the jaundice, is worthy of attention, but the end-results in all 
the groups are the same, as would be expected in cases proved to be 
malignant. 

Jaundice, pruritus, purpura and hemorrhage make the life of these 
patients distressing, and although they cannot be cured something can be 
done, such as adequate drainage to relieve the intolerable sj^mptoms. If 
there is biliary obstruction due to carcinoma of the jjancreas. the most 
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logical procedure is some type of anastomosis between the biliary and 
gastro-intestinal tracts, thus providing long and adequate drainage and 
at the same time preserving the bile. The jaundice will disappear and the 
patient’s last days will be spent in comparative comfort. This type 
of operation is, of course, wholly palliative, and yet occasionally in a 
case which appears to be carcinoma of the pancreas, cholecystogastrostomy 
or some such type of operation will result in cure. In such cases it must 
be assumed that the condition was chronic pancreatitis and not carci- 
noma. In certain cases it is extremely difficult to determine definitely 
whether the presenting lesion is carcinoma or pancreatitis, but the opera- 
tive treatment is the same. Reference will be made to tliis again in the 
series, carcinoma or pancreatitis. Surgically, anastomosis is justifiable 
in all cases of carcinoma of the pancreas in which there is a reasonable 
chance that the patient may survive the operation. It prolongs the 
patient’s life and relieves him of much suffering. 

In this series, besides the original pancreatic lesion, biliary cirrhosis 
was marked in twelve cases (35.29 per cent), dilatation of the gallbladder 
in twenty-five (73.52 per cent), dilatation of the common duct in sixteen 
(47 per cent), enlarged regional lymph nodes in seven (20.5 per cent), 
hepatitis in one (2.9 per cent), ascites in four (11.7 per cent), metastasis 
to the liver in five (14.7 per cent), metastasis to the lungs in one, dilata- 
tion of the duodenum in one, extension of the process into tlie duodenum 
in one, duodenal ulcer in one, and postoperative biliary fistula in one. 
Gallstones were found in only one case ; in one case gallstones had been 
removed from the biliary tract at a previous operation. 

Operations had previously been performed on the biliary tract in five 
cases (14.7 per cent). The gallbladder had been drained in two cases 
one 3 'ear and one month before, respectively, with only short periods of 
relief ; stones were not found in either case. The gallbladder and com- 
mon duct had been drained for stones in one case, with relief for two 
years, and in another, the gallbladder which did not contain stones had 
been removed, without improvement. In the fifth case the gallbladder 
had been anastomosed to the stomach three months previously, with 
relief for two months ; recurring symptoms were due to contraction of 
the stoma. The anastomosis was reconstructed and the stoma enlarged. 

Cholecystogastrostomy was performed in twenty-six of the tliirty- 
four cases, cholecystoduodenostomy in four, cholecystojejunostomy in 
two, choledochoduodenostomy in one case and cholecystocolostomy in 
one. Much has been written concerning ascending infection by way of 
the stoma and lymphatics. Experimentall}*, infection or irritation is 
easily demonstrated in almost all cases in which the gallbladder is 
anastomosed to the intestinal tract. As would be expected, the in ection 
is greatest when cholecj'stenterostomy or cholecystocolostomy is per- 
formed and much less when the anastomosis is with the duodenum or 



JUDD-PARKER— BILIARY INTESTINAL ANASTOMOSIS 5 


Stomach. Cholecystenterostoray or diolecystocolostomy is never per- 
formed save when it is impossible to utilize the stomach or duodenum, 
and in these cases the operation, is for palliation and there can be no 
choice of method. It is expected that infection will result from direct 
extension or by the periductal lymphatics; this would not be likely to 
occur within the life expectancy period. The usual result of such infec- 
tion probably is hepatitis and some degree of cholangitis, both of which 
are of secondary importance in the presence of carcinoma of the pan- 
creas and other conditions which preclude the possibility of utilizing the 
stomach or duodenum in the anastomosis. In this series, there does not 
appear to have been a choice of operation. Obviously, high anastomosis 
should always be done if possible, regardless of the type of lesion. 

One of the patients in this series who survived operation lived 
eighteen months; one, fifteen months; one, nine months; one, seven 
months ; two, six months ; one, five montlis ; two, four months, and one, 
three months. Four were not heard from. We do not have any infor- 
mation concerning the details of one patient’s life after he left the clinic. 
One of the remaining eleven patients had slight jau'ndice associated with 
mild attacks of dyspepsia, and three others had jaundice with pain and 
chills and fever coming on shortly before death. The remaining seven 
patients were free from jaundice, but four of these had had occasional 
attacks of dyspepsia with gas and bloating. All failed progressively. 
One patient died at home; necropsy confirmed our diagnosis of carci- 
noma of the pancreas. 

Colic with jaundice occurred in 35.29 per cent of the cases, pain with 
jaundice in 23.52 per cent, and colic, pain and jaundice in 2.94 per cent. 
Thus colic or pain or both with jaimdice occurred in 61.75 per cent and 
“painless” jaundice on only 38.23 per cent. The life expectancy after 
operation in cases in which there was pain or colic or both was twice as 
long as in those in which pain and colic were absent. The average post- 
operative life expectancy in all groups was seven and seven-tenths 
months. The relief from jaundice of patients surviving operation was 
complete and permanent in 63.63 per cent. 

The types of anastomosis were not sufficiently varied so that con- 
clusions could be drawn with regard to the type giving the best results, 
and the postoperative life of the patients was too short to make such 
evaluation. 

CARCTNOMA OF THE BILE DUCTS (SECOND SERIES) 

The nine cases in this series (table 2) were grouped, as in the first 
series, with reference to the presenting symptoms. In general, the dura- 
tion of the disease and the duration and type of the jaundice were similar 
to the first series. The series is divided into three groups. In group 1 
were two cases (22.22 per cent), in which there was colic without pain ; 
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in ^oup 2, four cases (44.44 per c^t) in which there was pain without 
colic, and in group 3, three cases (33.33 per cent) in which there was 
neither pain nor colic. In the first group the history was almost eight 
times longer; the type of jaundice was more varied but unlike that in 
the first series, the average duration of jaundice Avas approximately as 
short or shorter than in the second and third groups. In the second 
group the average duration of symptoms was shorter and the jaundice 
more often constant, while in the third group the average duration of 
S 3 nMptoms was th.e shortest of all groups and the jaundice Avas ahvays 
constant, Avhile the average duration of jaundice Avas the longest of the 
three groups. 

Table 2. — Carcinoma of the Bile Dncts (Second Scries) 
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* One lived six atoaths, and one tirdre months. 

I One vns living five months and one twenty-one months later. 

i Lived seventeen months. 

The postoperatiA'e life e-xpectancA’ in these three groups is a trifle 
longer than in the corresponding groups in the first series. Since there 
are only nine cases in this series, definite conclusions cannot be draAA'n, 
yet the similarity betAA-een the tAA'O series is close enough to Avarrant 
draAving attention to it. 

In fiA’e of the nine cases the lesion aa'bs situated at the ampulla, in one 
it Avas loAV in the common duct, in tAA-o in the common duct just below the 
juncture of the cystic duct ; the site of one ivas not specified. Biliary 
cirrhosis AA'as present in four cases (44.44 per cent), dilated gallbladder 
in six ( 66.66 (ler cent), dilatation of the common duct in seven ( 77.77 
per cent), ascites in two (22.22 per cent), and metastasis to the liver, 
enlarged glands, large spleen, and a perforated gallbladder, each in one 
instance. In only one case was there evidence of disease in the gall- 
bladder. and in this the gallbladder had perforated. 
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Cholecystogastrostomy was performed in five cases, cholecystoduo- 
denostomy in one case, choledochoduodenostomy in two cases and 
cholecystoiejunostomy in one case. 

The five patients who sur\*ived operation (three who had had chole- 
cystogastrostoiny. one cholecystojeinnostomy. and one diolecj'stodno- 
denostoniy) improved immediately and retumeti home with die jaundice 
cleared or clearing. One patient was much improved five montiis after 
the operation: he was however, haring some dyspepsia and occasional 
chills and fever, but no jaundice. We have not heard from him during 
the last eighteen months. Three patients li\-ed seventeen, tweh-e aiui 
six months, respectively. Two were permanently relieved of jaundice 
and one nas completely relieved for a year, when there was recurrence 
of the former trouble and deadi ocatrred seventeen months after opera- 
tion. In the remaining case, that of a man. aged -14. a history- was 
dicited of ta'pical textbook n'pe of recurring gallstone attacks without 
jaundice. At operarion dilatation of the gallbladder was graded o. the 
dilatation of the common duct iras graded 2. enlargement of the regional 
hanph nodes nvis graded 2. and chronic appendicitis was graded 2 : the 
pancreas, stomach and duodenum appeare<.l normal. Giolec\-stecto:ny 
and appendectomy were performed with relief of sTOiptoms for two 
months, when constant painless jaundice appeared and lasted tliree 
weeks. A second operation was performed three months after die first. 
At this time dilatation of the common duct with white bile was graded o. 
and enlargement of the regional l\*mph nodes was graded 2 : the pancreas 
appeared normal. A tumor 2.5 by 0.5 cm. at the ampulla projected into 
the duodenum. Biopsy resulted in a diagnosis of colloid carcinoma. 
Resection of the ampulla of ^'ater and choledochoduodenostomy was 
carried out. The patient returned home irith jaundice cleare<.l and a 
gain of 75 pounds (o4.9 Kg.) in weight. Eighteen months after the 
second operation, spnptoms returned and a month later exploration, 
because of obstructive jaundice. re%*ealed a firm mass involring the 
second portion of the duodenum. The evidence suggested probable 
involvement of the retroduodenal hinph nodes, doubtless recurrence of 
the carcinoma. The patient was now getting along fairly well (two 
montlis after the last operation and twenty-one months after the second 
operation), but complained of weakness. Tlie jaundice had entirely 
disappeared. 


Colic with jaundice ccairred in 2222 
jaundice in -14.44 per cent, and “painless” 
The duration of svinptoms was longer in 


per cent of cases, pain with, 
jaundice in v'5.5o per ce:i:. 
the first group than in t!;e 


other two groups. Unlike the corresponding groups in the first series. 


. the duration of jaundice was longest in the group witb.oiit pain or 


but the type of jaundice was the same as in the corresponding groups ::: 
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years and one three years and eight months after operation; one patient, 
when last heard from one year after operation, had not had jaundice, 
chills or fever, but had had some dyspepsia and constipation. Three 
patients consider themselves cured, and one considers himself much 
improved. 

One patient had had pain without colic for one year and constant 
jaundice for six months; an operative diagnosis of carcinoma of the 
pancreas, 95 per cent, and pancreatitis, 5 per cent, was made. After 
cholecystoduodenostomy was performed, the patient went home much 
improved. One year later he considered himself cured, and six years 
later he is well and living a normal life. This is an instance which 
exemplifies the value of operative treatment in these indefinite cases. 
Such a striking example of cure of an apparently hopeless condition 
emphasizes the desirability of rather heroic treatment. If the condition 
proves to he carcinoma, the patient has at least been relieved of jaundice 
and made fairly comfortable. If, however, the condition proves to be a 
benign lesion, great improvement or even cure may be expected. 

In cases in which it is impossible definitely to differentiate carcinoma 
or an inflammatory process, anastomosis of the biliary tract to the 
intestine is a logical procedure. Such an operation may be considered an 
“operative, therapeutic test.” If the patient is cured or improved and 
lives longer than the life expectancy for carcinoma of the pancreas, it 
may be assumed that the condition is pancreatitis, while if the patient 
survives the operation and dies within the life expectancy period, it may 
be assumed that the lesion was malignant and not pancreatitis. This 
may appear unscientific, but it is justified clinically by the results 
obtained. If the patient dies, apparently from carcinoma, the operation 
must be considered as palliative only. The average length of life after 
operation of patients who died was nineteen and six-tenths months. 

The history-jaundice ratio in the first group of the third series is 
entirely unlike that in the first and second series. 

PANCREATITIS (FOURTH SERIES) 

There were eleven cases in this • series. These cases cannot be 
separated according to the groups as in the three fonner series. In the 
first group were six cases in which there was a history of colic or ijain, 
but the distinction was not clear and in the second were five cases in 
which there was neither pain nor colic (table 5). 

In the first group the duration of symptoms averaged five and tuo 
tenths years, in the second it averaged only ten and six-tenths months. 
The type and duration of jaundice in the two groups were the same, t ic 
intermittent jaundice being somewhat more common in the first group, 
similar to that in the corresponding groups of the previous three scrie.s. 
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The associated lesions were about the same in the two groups, but 
with the difference that the regional Ijmiph nodes were greatly enlarged 
.in three cases in the first group and in only one in the second group; the 
gallbladder was markedly dilated in four cases in the second group and 
in only one in the first group. Cirrhosis was specified in five cases 
(45,45 per cent), stone in the common duct in one case (9 per cent), 
dilated common duct in two cases ( 18.18 per cent), gallstones in one case 
(9 per cent), hepatitis in four cases (36.27 per cent), large spleen in 
two rases (18.18 per cent) and ascites in one case. 

In two cases an operation had previously been performed on the 
biliary tract. In one case, cholec 3 ’stostoiny had been perfonned with 
seven months' relief, and in the other, cholecystostomy two years previ- 

Table S . — Pancreatitis (Fourth Series) 
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* One waa living two years later, one one year, one fourteen months, and one three years; 
one lived five years and one three months. 

t One Jived one and ii third yeor and one three months. 


ously had resulted in biliary fistufci for one year. Cholecystoduo- 
denostomy was then performed, with relief for one month. At the last 
operation the stoma was found to be completely closed and it was 
reconstructed over a tube. 

Cholecystogastrostomy was performed in seven cases, diolecystoduo- 
denostomy in three, and cholecystoduodenostomy and splenectomjr in 
one case. All of the patients in the first group lived to go home. One 
died three months after operation, probably from carcinoma of the pan- 
creas. The jaundice had been completely relieved. One patient died 
five years after operation from cerebral hemorrhage; he liad been com- 
pletely cured of his former trouble. Four others considered themselves 
cured three years, two years, one year and two months, and one >car, 
respectively, after operation. 

It. is impossible to draw conclusive deductions from such a small 
series of cases. Yet, in the light of the three previous series, the jirog- 


12 . 


ARCHIVES OF SURGERY 

nosis in Ae group presenting colic and pain is better than in that in 
which colic and pain were absent. The postoperative results in the first 
group Were much better than in the second, which is entirely in keeping 
with the data in the corresponding groups of the first three series of 
cases. 

There is a consistent prognostic relationship in the corresponding 
groups of all the series in regard to the cases presenting symptoms of 
colic or pain, as compared with those without pain or colic. In a large 
percentage of cases of a malignant condition in the pancreas or ducts and 
of carcinoma of the pancreas or pancreatitis there was jaundice with 
pain or colic, so that the "painless" type of jaundice cannot hold the 
same diagnostic importance as formerly, but the dilated gallbladder of 
Courvoisier’s law can be accepted as a presumptive sign of cardnoma 
(table 6) . In obstructive jaundice due to stenosis at the ampulla, inflam- 
matory reactions of the pancreas, cardnoma, dcatrix and calculus must 
be considered. It is usually fairly easy to distinguish the latter, but in 
the other cases accurate differential diagnosis is often impossible. In the 
doubtful cases we have felt that exploration of the pancreas is not with- 
out danger, and on tliat account biopsy has been done in only a few cases. 
Doubtless biopsy is justifiable and is of great value if it can be done 
without adding to the great risk already accepted in performing an 
operation. Without biopsy, gross examination of the organ must be 
relied on. In carcinoma of the pancreas, the local reactions are usually 
less than in the infiammatoiy lesions, and the tumor is more easily felt 
as an extremely hard and indurated mass with adenopathy character- 
istically difiFerent from that in chronic inflammation. Too much sig- 
nificance cannot be placed on the presenting symptoms in making a 
differential diagnosis, because on analysis it will be found that in a high 
percentage of malignant cases the presenting symptoms will be colic and 
pain, as well as jaundice (table 4). The treatment in cases of obstruc- 
tive jaundice consists in the relief of biliary retention, the treatment of 
the pancreatic lesion, and the treatment of the cause of the pancreatic 
lesion. The simplest operative technic which will warrant cure or relief 
from jaundice as a palliative measure is the best. Exploratory operation 
is sometimes necessary to establish a diagnosis. If carcinoma is present, 
a palliative operation is performed. If the condition is benign, jaundice 
should be relieved and some type of good biliary drainage instituted. In 
the benign conditions, from a pathologic point of view, cholecystostomy 
or cholecystectomy is the logical procedure, since it is believed that the 
original foais is in the gallbladder in a large percentage of cases. 
Removal of the gallbladder, however, does not relieve the patient from 
jaundice; thus a dangerous situation is brought about, for at some 
future time the gallbladder may be needed for an anastomosis to cause 
relief from jaundice. Cholecystostomy probably is the simplest opera- 
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tive treatment, but the drainage is not reliable; it is irregular and the 
fistulous tract may close too soon and cause a return of ssmiptoms, or 
it may persist after tfie pancreatic lesion lias been apparently cured. 
Also the bile is lost to the patient, which is serious in long-continued 
drainage. While the establishment of internal biliary fistula requires 
more operative procedures, it is probably desirable since long-continued 
drainage is secured and the bile is preserved for the patient’s use, pro- 
vided the anastomosis is not made with the colon. We have already 
mentioned the. imexpected cure of an apparently hopeless condition by 
anastomosis of the biliary and intestinal tracts. In the doubtful case, in 
which a tentative diagnosis has been made, the internal biliary fistula is 
probably the best operative treatment, be it palliation for carcinoma, or a 
curative measure for pancreatitis. 

In the cases in which cholecj’stogastrostomy has been performed for 
benign lesions, such as pancreatitis, the presence of bile in the stomach 
does not cause disturbance of digestion, as is commonly believed. Gastric 

Tarlk 6 . — Cases xvith Dilatation of the Gallbladder and Common Duct 
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analyses following these operations consistently show bile in the gastric 
content and always some acid, combined and free, but in less than nonnal 
amounts. Anacidity which one might expect, is rarely found. Physi- 
ologically, from eight to ten times the twenty-four hour secretion of 
bile would be necessary to neutralize the secretion of the stomach for a 
like period, not taking into account the digestion of protein foods. In 
many instances,, if an anastomosis has been made over a rubber tube the 
patient complains of “dyspepsia” until the tube lias passed, and after 
this he is completely relieved of the digestive disturbance. A woman in 
whom hepaticoduodenostoray was made over a rubber tube had dyspepsia 
for twenty-two months. After the tube was passed, she was completely 
free from symptoms. 

STENOSIS OP THE BILE DUCTS (FIFTH SERIES) 

There were sixty-two cases of stenosis of the bile ducts in which a 
reconstruction operation was inadvisable or impossible because o t e 
destruction or absence of the necessary structures. With one exception, 
operation had been performed previously on the biliary tract; in some 
cases multiple operations had been performed. The one exception nas 
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that of a case in which there was a three-year history' of recurring 
attacks of typical biliary colic, recently with questionable jaundice. The 
last attack was extremely acute and at the time of operation acute chole- 
cystitis (graded 3) with stones was found. The common duct was 
densely adherent to the gallbladder, forming an extensive cicatricial 
stricture and an acute angulation of the duct. Dense adhesions were 
present in the regions of the gallbladder and duct. . Any type of recon- 
struction operation would have been a failure, so the gallbladder was 
excised and hepaticoduodenostomy performed. The immediate results 
were good and six years after the operation the patient was living a 
normal life, with slight abdominal pain and jaundice at rare intervals, 
but the symptoms were not severe enough to cause him to consult a 
physician. 

In five of the remaining sixty-one cases, cholecystostomy alone had 
been performed previously with sxi average of fifteen and six-tenths 
months’ relief from symptoms. In twenty-seven, cholecystectomy had 
been performed with an average of two and four-tenths months' relief. 
There were twelve cases in which cliolecystostomy and cholecystectomy 
had been performed at different times, with an average period of relief 
of symptoms after cholecystectomy of seven and three-tenths months. 
In four cases, in which the gallbladder had been removed and the com- 
mon duct drained at the same time, the average period of relief was 
three and two-tenths months. In six cases in which cholecystectomy 
and drainage of the common duct had been performed at different times, 
the average period of relief after the last operation was two and six- 
tenths months. There were seven other cases in which there had been 
two or more operations at different times before the patients presented 
themselves at the Mayo Clinic (table 7). The primary operation was 
cholecystectomy in forty-three cases and cholecystostomy in eighteen. 

It was noted that trouble appeared immediately after the primary 
operation in certain cases, while in pthers there was no evidence of 
trouble for some time afterward. In certain cases the stricture was 
probably the result of trauma at the time of the operation, while in other 
case.s it was undoubtedly due to a continuation of the inflammation in 
the bile ducts, which finally resulted in obliteration. ^lany cases 
attributed to trauma are due to obliterative cholangitis. In thirteen 
cases persistent biliary fistula followed cholecystectomy; in one it 
followed cholecystostomy, and in five it followed drainage of the com- 
mon duct. Persistent biliary fistula following cholecystectomy or drain- 
age of the common duct is proljably the direct result of injury to the 
duct at the time of the first operation, which emphasizes the responsibility 
a surgeon assumes in performing even simple cholecystostomy or chole- 
cystectomy. 
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Pain and colic were common to all cases in this series. In only three 
was there no definite jaundice ; in all the others intermittent jaundice of 
some degree was present. In those witli biliary fistula, the pain, chills, 
fever and jaundice were the direct result of the inadequate drainage. 

The various types of operations were hepaticoduodenostomy in forty- 
seven cases, hepaticogastrostomy in two, cholecystogastrostomy in one 
case, cholecystoduodenostomy in two cases, choledochoduodenostomy in 
seven, hepaticocholedochostomy in one case, and choledochohepaticoduo- 
denostomy in two cases. 

Eight patients died at home. The one who survived longest lived 
four and a half years after operation, apparently cured, then died from 

Table 7. — Stetiosis of Bile Ducts (Fifth Series) Previous Operations; Sixty-Onc 

Cases (98.38 Per Cent) 
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5 Obolecystostomy 

37 Obolecystectomy 

12 Obolecystostomy and obolecystectomy 
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acute gastric obstruction which had required gastro-enterostom)-. The 
patient who survived the shortest time lived ten months. In this case 
there had been a gradual return of symptoms, and death was due to 
“starvation.” The average length of life of these eight patients was 
twenty-nine and six-tenths months. In all cases the immediate post- 
operative results had been good, with recurrence of symptoms and 
gradual failure. Three of the eight patients were jaundiced shortly 
before death, and two were mildly jaundiced at intervals after the 
operation. 

Seventeen patients consider themselves cured at periods of from one 
to five years after operation, the average being one and seven-tenths 
years. Sixteen patients were greatly improved at periods ranging from 
■two to six years after operation, the average being four years. They 
complain of infrequent mild attacks of abdominal pain without jaim- 
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dice; mild dyspepsia was mentioned occasionally. Tliey are living 
normal lives, and working; they do not require the services of a 
physician. Nine patients are in fair health only. This means that they 
have more attacks of abdominal pain with or without jaundice. Two 
patients have had occasional attacks of pain, chills, fever and jaundice, 
but little dyspepsia. They are, however, living fairly comfortably, with 
one exception, a man, aged 61. Two patients (4.8 per cent) have not 
been heard from. 

INTRAHEPATIC JAUNDICE (SIXTH SERIES) 

In the four cases of biliary cirrhosis in this series, cholecystogas- 
trostomy had been performed. The average history was of ten months’ 
duration. Jaundice was constant and the average duration was nine and 
seven-tenths months. In each instance, besides definite and marked cir- 
rhosis, the regional lymph nodes were markedly enlarged. An operation 
had been performed previously on only one case. The gallbladder had 
been drained and stones removed fourteen years before, with complete 
relief until one month before the jatient presented herself for treatment. 
The immediate results were good, and one and a half years after opera- 
tion she was much improved, but occasionally experienced slight jaun- 
dice and mild dyspeptic attacks in which "gas” was a prominent symptom. 
The three remaining patients have not been heard from. 

MISCELLANEOUS (SEVENTH SERIES) 

There were three cases in this series ; congenital absence of the 
common duct; obstruction of the common duct and duodenum due to 
perforated duodenal ulcer, and jaundice from undetermined cause. 

The first case was that of a baby girl, aged 5 months, who had been 
jaundiced since birth. There was general adenopathy and the liver and 
spleen were much enlarged. At operation the gallbladder was found 
buried in the liver and the common duct extended only to the gall- 
bladder. There was a moderate amount of free bile-stained fluid in tlie 
abdomen and the liver and spleen were large. The side of' the gallbladder 
and the common duct were anastomosed to the duodenum. The cliild 
died three days after the operation. At necropsy no connection was 
found between the bile ducts and the duodenum. The duct ended as a 
blind pouch ; it was this pouch which had been anastomosed to the duo- 
denum. There was cirrhosis of the liver, graded 1, and hypertrophy 
of the spleen. The cause of death was peritonitis and pneumonia. 

In the second case, that of a woman, aged 49, there had been typical 
recurring attacks of biliarj' colic with nausea and vomiting, but without 
jaundice for six years. Two years previously the gallbladder had been 
drained, with relief for six months. Then a biliatj* fistula developed. 
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with return of the fonner symptoms. At operation, a large perforating 
duodenal ulcer was found which had caused marked deformity with 
obstruction of the duodenum and the common duct. The gallbladder 
was small and showed evidence of chronic cholecystitis. The stomach 
was moderately dilated. The biliary fistula was excised, and chole- 
cystoduodenostomy and posterior gastro-enterostom)' were performed. 
The patient recovered uneventfully and six years after the operation 
considered herself completely cured. 

In the third case, that of a man, aged 62, indefinite dyspepsia had 
existed for four years, and six weeks prior to examination painless jaun- 
dice with nausea and vomiting had developed. At the time of operation 
the dilatation of the common duct was graded 2; stones could not be 
found. Enlargement of the regional lymph nodes was graded 2. The 
pancreas and ampulla were normal and the liver was in good condition. 
No cause could be found for the jaundice and a diagnosis of “jaundice 
of undetermined origin” was made. Cholecystogastrostomy was per- 
formed. The patient recovered uneventfully and left the clinic with the 
jaundice practicall)' cleared. He returned eight months later with a 
small ventral hernia, of no consequence, and reported marked improve- 
ment. He had not been jaundiced since the operation. Occasionally he 
had been troubled with slight dyspepsia. 

SUMMARY OF POSTOPERATIVE RESULTS 

In the 137 cases discussed, there were nine of contraction of the 
stoma. Partial or complete contraction of the stoma occurred in seven 
of the forty-seven cases in which hepaticoduodenostomy had been per- 
formed for stricture. Return of symptoms occurred from one to six 
months after operation, the average being four and two-tenths months. 
Reconstruction of the stoma over a rubber tube was carried out in each 
instance. One patient Avas apparently cured and died from acute gastric 
obstruction one and a half years after operation. FiA'e patients are still 
living from tAvo to four and a half years after operation, the aA'erage 
being two and nine-tenths years. Two of the fiA'e haA'e been completely 
relieved of their former trouble for four and a half and three years, 
respectively. Three are much improA'ed, but occasionally have slight 
attacks of pain, chills, fever and jaundice, although not severe enough 
to require the services of a physician. There AA'ere tAA-o other cases in 
which the stoma of the anastomosis contracted and produced obstruction 
to drainage of bile. In one, cholec)'Stogastrostomy had been performed 
for obstructive jaundice due to carcinoma of the pancreas. After tAA-o 
months there AA'as a return of sjTnptoms. requiring reconstruction of the 
contracted stoma. In the other case cholecystoduodenostomy had been 
performed for obstructive jaundice caused by pancreatitis. Return of 
symptoms necessitated enlargement of the contracted stoma. 



BLOOD IN THE CEREBROSPINAL FLUID 

RESULTANT FUNCTIONAL AND ORGANIC ALTERATIONS IN THE 
CENTRAL NERVOUS SYSTEM* 

A. EXPERIMENTAL DATA 
CHARLES BAGLEY, JR., M.D. 

BALTIMOSE 

This work has been done with the hope of experimentally producing 
lesions simulating those occurring in human beings when a small amount 
of blood escapes into the subarachnoid space. 

METHODS AND MATERIAL 

Eighteen adult dogs (exact age unknown) and twenty-six puppies 
(five litters), all less than 10 days old, were injected with whole blood. 
An average pup from each litter was used as a control. 

The whole blood was obtained from the vein in the leg of the adult 
dogs and from the longitudinal sinus of the pups. Free mixture of the 
blood and cerebrospinal fluid was desired, and the blood was slowly 
injected into the cisterna magna, into the subarachnoid space over the 
cerebral hemisphere and in a few instances, into the cerebral ventricles. 

The work was started on adult dogs with frequent injections of 
from 0.5 to 2.5 cc. of blood. Larger amounts could not be injected 
into the cisterna magna without causing serious respiratory symptoms, 
but in a few instances, as much as 5 cc. was tolerated over the cerebral 
cortex. In the beginning, when adult dogs were being used, it was 
thought that repeated injections at short intervals would be required to 
produce a disturbance comparable to that observed in human beings 
with bloody cerebral spinal fluid; for this reason, some of the earlier 
dogs received as many as six injections. In the later esgieriments with 
young pups, it was found that a single injection would sometimes pro- 
duce symptoms ; therefore, most of these pups received only one or two 
injections. 

Ether anesthesia was used in the adult dogs. Morphine, % gram 
(0.01 Gm.) was given hypodermically about a half an hour before the 
administration of ether. Chloroform without morphine was used in 
anesthetizing the pups. 

* Read before the Association for Research in Nervous and Mental Disease, 
New York, December, 1927. ^ *.• , * 

♦From the Neurological Laboratory of the Henry Phipps 
Clinic, Johns Hopkins University, with the assistance of the Epilepsy a e ica 
Re.search Fund. 
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When the animals died or were killed, autopsies were performed. 
To avoid possible injury of the meninges in the removal of the brain, 
the skull containing the brain was sectioned with a fine saw and then 
immersed in 10 per cent formaldehyde. By this method any portion 
desired for photography or microscopic study could be exposed in the 
fresh state and the entire brain easily brought into contact with the 
fixing fluid. The tissue was embedded in paraffin unless the dura was 
included in the blocks, in which case celloidin was used. Hematoxylin 
and eosin stain was used. 

CLINICAL COURSE 

Immediately after the injection, the adult animals were restless, 
spastic and recovered from the narcosis slowly. At times the spastic 
extremities were active; in some cases, the movements simulated running. 
At other times, there were atypical convulsive seizures with frothing at 
the mouth. The day following the injections the animals were usually 
dull, but walked about the cage and took food. After the injections, 
the dogs were kept under observation in the laboratory from one to 
three hours; then they were returned to the animal room. Daily visits 
were made to the animals, and every few days they were brought into 
the laboratory and allowed to play about under observation from one 
to three hours. In this way, it was possible to record symptoms which 
varied from difference in behavior to severe convulsive seizures. 

The clinical course in. most of the adult dogs was short because of 
the brief intervals between the injections. Many of them died within 
a few days after the last injection with gradually increasing debility 
marked chiefly by emaciation and irritability. They were hypersensitive 
and would cry out if handled. One of the adult dogs was given four 
injections into the cisterna magna over a period of one month, and was 
kept under observation thirty days after the last injection. During 
this period, there was gradually increasing weakness; because of the 
poor physical condition, the dog was killed with chloroform. A section 
from the base (fig. 3) shows chronic checking. 

The most striking clinical course was seen in the younger dogs. This 
was first noticed in the behavior of the animals that had received injec- 
tions as compared with the controls. After recovery from the immedi- 
ate effects of the injection, the pups were less active, so that the puppies 
that had been treated could be picked out of the litter by the fact that 
they retired to a corner of the room and showed little of the character- 
istic tendencies of such animals to play. When stirred to activitj', they 
would lose interest much more quickly than the controls. 

In spite of the fact that the puppies ate well, they were generally 
smaller and markedly thinner. The difference in size between the 
control animals and animals that had received injections was seen in a 
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Fig. 2. — section taken from the base of an adult dog iriiich received four 
injections of blood from 1 to 1.5 cc. in amount into the cisterna maana over a 
period of seventeen days. The animal was killed two days after the last iiijec* 
tion. The meninges were thickened and the seat of active cell pro!iffraiii;n. 



22 . 


ARCHIVES OF SURGERY 

pup (35, table 4) that had had five injections, three over the cerebral cor- 
tex and two at the base over a period of forty-two days. The first injec- 
tion was given when the dog was 10 days old. When killed sixty- 
three days after the first and twenty-one days after the last injection, 
the general condition was fair. . All the organs were normal except the 
brain. The dilatation of the ventricles was definite when compared 
with that of the control pup. Examination of the meninges showed 
chronic thickening over the base and cortex similar to that shown in 
figiire 11. Another striking example was seen in a pup (54, table 1) 
which when 3 months old weighed scarcely half as much as the control. 
This pup had general convulsive seizures almost two months after the 

Table 1.— Protocols of Pups in Which Convulsions Occurred 


Oate 

Pap 46 
April SS, 1026 
June? 
Jones 

Pup 50 
April SB, 1026 
May 14 
May 17. 

Jane 9 

Pap 64 
Jan. 21, 1027 

Peb.ll 


May 2 
July IS 

Pap 56 
Peb. 2, 1027 
Peb.4 
May 18 
May 19 
Aug. 15 


Amoont Injeoted 


1 cc. In dstema magna 


1 ee. In ventricle 
8.6 ce. over left cortex 
2.5 cc. over right cortex 


0.6 00 . In dstema magna 


Bemarks 

Satisfactory recovery 
Severe general convulsions 
Died 


Becovery 

Becovery 

Becovery 

Severe convulsive seisures: 


Lesions 

Meningeal tbidcening 
more marked over 
cerebral cortex \rbere 
tbero to some scarring 

Meningeal thickening 
over cortex, chiefly 
at sulci; none over 
base 


Meningeal thickening at 
base and some areas 
of tbe cortex \ritb 
corttoal scarring 


Brain not sectioned; in 
X>oor condition irben 
received In the labora* 
tory 


died 

Bcsplratory embarrass- 
ment 

OB cc. In dstema magna Very limp for some 

minutes foliovlng 
injection 

Severe general convulsive 

seizures 

Series of general convulsive 

seizures; died 

0.9 cc. in dstema magna Bapld recovery 
1 cc. In dstema magna Bapld recovery 

General convulsive seizure 

General convnlsive sdzuie 

Died 


last injection. Scattered areas of meningeal thickening were found dur- 
ing the examination of the brain, and there were areas of cortical 
scarring associated with the thickening (fig. 13). 

Convulsive seizures immediately followed the injection in five of the 
ten adult dogs in which the blood was injected over the cerebral cortex, 
and in one of the four dogs in which blood was injected into the lateral 
ventricles. Convulsions did not occur immediately following the injec- 
tions when )'oung pups were used. 

Four of the twenty-six puppies that received injections had con- 
vulsions after complete recovery from the immediate effects of the 
injection without indication of the seizure until a few minutes before 
the attack. The first pup (46, table 1) had a convulsion twenty-three 
daj'S after the last injection; he survived for thirty-six hours, dun^ 
which time there were a great many seizures. The second pup (50, 
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table 1) had its first convulsion fort 3 '--five da)-s after the last injection; 
this seizure ^vas followed by many others and he died during the same 
day. In the third pup (54, table 1), the first seizure occurred eight}' 
days after the last injection; from this it recovered promptly and 
remained fairly well for seventy-two da 3 's when, without warning, there 
was a second series of convulsions in which the animal died. The 
fourth pup (56, table 1) had single convulsions ninety-three and 
ninety-four days after the last injection; it recovered from these. It 
was kept under observation eighty-seven days, during which time it 
did not have convulsions ; but it was a^ressive and ill-tempered, and 
was killed in a fight with another dog. 

The seizures were all similar, starting with fine twitchings of a 
muscle group, usually the face and then spreading over the entire body. 

Table 2. — Protocols of the Pups with Gcucral Muscle Tivtlching 


Date Amount Injected Remarks Lesions 

Pup 89 

Peb. 28, 1927 OR oe. In dstema magna Satlslactoir recovery Moderate meningeal 
March 9 0.6 cc. In dstema magna Recovery thickening at base 

March 28 1 ce. In dstema magna Recovery 

May 6 Weak and sick in nppear- 

once; tvitching 

Mays Weak trith Irregular 

twitching of nil muscles, 
rhythmical twitching of 
the tight hind leg; 
bead drawn to right 

May 9 Irregular twitching of all 


muscles, rhythmical 
twitching of right fore- 
leg; died 

Pup 61 

Feb. 28, 1927 1.5 cc. in clstcrna magna Very slight meningeal 


March 28 Very poor condition; tliickcning at base 

twitching, unsteady, 
restless and listless 

March 29 Died 


The animal would soon lose consciousness and fall. The facial expres- 
sion before loss of consciousness showed marked anxiety. Following 
the attack, the animal was dull and stupid and remained so between the 
seizures when they occurred in series. 

In addition to the four pups which developed convulsions, two were 
observed forty-three and twenty-nine days, respectively, after the last 
injection, with severe twitchings involving all the muscles of the Iwtdy 
without loss of consciousness. In one of these, pup 61 (table 2 ). the 
twitchings continued throughout the day; the dog was greatly weakened 
and died during the night. Anotlier. pup 59 (table 2 ). previun-ly 
well, had twitchings for three days, and on the morning of the thinl day 
was weak and twitched constantly ; he died before noon. On th.e laterai 
surface of the tongue, there was a laceration which was jicrliap.- dr.e 
biting during a general comulsive seizure in the night. 
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the forerunner of cortical alteratiuns. 
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Convulsions or musde twitchings were not observed in six other 
pups (table 3) which died from nine to sixty-three da 5 's after the 
injections. 

In addition to the foregoing twelve puppies tliat died as the result 
of the injection, eight pups that had received injections and two con- 
trols were killed for histologic study when about half grown. Six of 
the pups that received injections are living and apparently well. More 
than one year had elapsed since the last injection was made into the 
six living puppies. At this time these animals do not show any ill 
effects resulting from the injection. They will be killed for histologic 

Table Z,— Protocols of the Pups Which Died Without Having Had Convulsions 

or Muscle Twitchings 


Date 
Pap 32 

Alarcb 23, 1023 
Apra4 
Pup 33 

Hnnh 12, 13S3 
March 28 
AprU4 

Pup 34 

March 12, 1928 
March 21 
April 13 
April 20 
April 28 
Ma7 12 
Pup 36 

Marrii 19, 1823 
Mardi20 
April 18 
April 20 
April 28 
May 17 
Pup 44 
Aprfl23,ig26 
June 9 


Amount Ihlected 
8 cc. over right cortex 

1 ec. over right cortex 
2JB cc. over right cortex 


Icc. over right cortex 
8 cc. over right cortex 
4 cc. over right cortex 
8 ec. over right cortex 
2 cc. over right cortex 


8 cc. over right cortex 

3 cc. over right cortex 

4 cc. over right cortex 

8 cc. over right cortex 

2A cc. over right cortex 


1 cc. in cistema magna 


Pup 70 

March 28, 1927 1.25 ec. in cistema magna 

May 80 


Scmarls 

Satisfactory recovery 
Died 

Sotiafaefory recovery 
Satisfactory recovery 
Wed 


Satisfactory recovery 
Satisfactory recovery 
Satisfactory recovery 
Satisfactory recovery 
Satisfactory recovery 
Wed 

Satisfactory recovery 
Satisfactory recovery 
Satisfactory recovery 
Satisfactory recovery 
Slorp recovery 
Wed 

Satisfactory recovery 
Wed 


Satisfactory recovery 
Wed 


Lesions 

Meningeal thickening 
over cortex 

Moderate degree of 
meningeal thickening 
over the right and 
left cortex 


Meningeal thickening 
over cortex vrith some 
scarring 


Ko section; brain in 
poor condition irhen 
received in the lab- 
oratory 


JXo section; brain in 
poor condition \rben 
received in the lab- 
oratory 

Moderate degree of 
meningeal thickening 
at base 


purposes when full grown. Of the five controls, two that were killed 
for histologic study seemed entirely normal at the time they were killed, 
and the three remaining control dogs are living and well. 

LESIONS 

The stud}' of the brains of the animals that died a short time after 
the last injection showed grossly blood staining of the portion of the 
meninges with which blood had come in contact and thickening of the 
stained membrane. In the brains removed long after the last injection, 
the gross appearance I’aried from slight thickening of the meninges to 
normal. Frontal sections through the ventricles of the forebrain showed 
a degree of dilatation of the ventricles varying from slight to well 




FJg, 7. A section of cortex adjacent to a sulcus in which there i' u'.i'.tv-i; 

of the meninges. Active cell proliferation within the cortex is ^l•/•^vn. 




















30 


ARCHIVES OF SURGERY 





BAGLEY— BLOOD IN SPINAL FLUID 


31 


marked. In the adult dogs, ventricular dilatation was less frequent than 
in the case of the pups. Of the seven adult dogs given one or more 
injections over the cortex and of the seven adult dogs given one or 
more injections into the cisterna magna, only one dog (10, table 4) 
showed a well marked dilatation of die ventricles (figs. 1-3). This 
animal was gfiven six injections of blood into the cisterna magna over 
a period of thirty-nine days and was killed two days after the last 
injection. 

Table A.— -Protocols of Animals laith Dilatation of the Ventricles 


Date Amount Injected Remarks Lesions 

Doe 10 

Jan. 23, 1025 1 cc. In cisterna magn& Satislactory recovery Marked mcnlnceal 

Reb. 4 1.5 cc. In cisterna maena General convulsion thlckcnlneofmcnlni^, 

Reb. 9 1.5 cc. In cisterna mofina Slorv recovery at base and in some 

Reb. 18 1.5 cc. in cisterna magna Satistactor}’ recovery areas ot cortex 

March 1 2 cc. in efstema magna Slow recovery 

Marchs 1 cc. In cisterna magna Slow recovery 

March 5 Killed 

Pup 31 

March 12, 1926 1.5 cc. over right cortex Satisfactory recovery Marked meningeal 

March 29 2.6 cc. over right cortex Satisfactory recovery thickening over base 

April 12 2 cc. In clstcmn magna Satisfactory recovery and cortex 

April 20 Killed 

Pup% 

March 17, 1026 8 cc. over right cortex Satisfactory recovery Moderate meningeal 

Mardh24 0.5 cc. over right cortex Slow recovery thickening at base, 

March 29 2.5 cc. over right cortex Satisfactory recovery not much over cortex 

April 10 1 cc. in clstcmn magna Satisfactory recovery 

April 28 2.5 cc. in clstcmn magna Satisfactory recovery 

May 10 Killed 

Pup 37 

March 17, 1928 3 cc. over right cortex Satisfactory recovery Marked meningeal 

MandiSb 3 cc. over right cortex Satisfactory recovery thickening at l>nse 

April 12 1 cc. in cisterna magna Satisfnetoo' recovery and moderate over 

April 28 1.6 cc. in cisterna magna Satisfactory recovery cortex, especially at 

May 6 Killed suld 

Pup 43 

April 23, 1926 2 cc. in clstcmn magna Satisfactory recovery Very slight meningeal 

May 14 Killed reaction over ba.<!e 

Pup 47 

April 23, 1926 1 cc. in clstcmn magna Satisfactory recovery Moderate degree of 

April SO 2 cc. in cisterna magna Satisfactory recovery meningeal tlilrkeniag 

May 10 Killed at lin>.c 

Pup 70 

March 23, 1027 1.23 cc. In cisterna magna Satisfactory recovery Moderate degree nf 

March 29 Died meningeal thickening 

at ba^e 


Six of the nineteen puppies which had received injection.*; and on 
which autopsies have been performed had definite dilatation of the 
ventricles (fig. 1). As shown by the protocols, all of the piippie.« with 
dilated ventricles had been given one or more injections into the cisterna 
magna ; in addition, in some injections were given over the cortex. Two 
of the pups (45 and 70, table 4) received only one injection, one 2 cc. 
and the other 1.25 cc. of blood into the cisterna magna. One of ih.e 
pups was killed twenty-one days after the last injection. The dilaiat!- n 
of the ventricles was always associated with meninge.al ihicher.ii:-. 
Clinically, the animals did not show any evidence of the dilataii'*::. 
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Fig. 10. — A section taken from the optic nerve of iT.e i»f ti:e c i’.’.rt l 
showing the normal meninpeal coverings of the nerve. 


4 "I 
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Fig. 11. — A section from the base of the brain of pup 46 which died following 
convulsive seizures forty-seven days after an injection of 1 cc. of blood in the 
dsterna magna. There is marked meningeal thickening with cell infiltration. 
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The microscopic study of the brains showed meningeal thickening 
where blood came in contact \4*ith the membranes. In tlie acute stage, 
that is in the dogs killed soon after the last injection, the meninges 
showed marked cell proliferation. In figure 2, the thickened membrane 
is shown at the base of the brain of a dog that had been given four 
injections into the cistema magna over a period of seventeen days and 
was killed two days after the last injection. The chronic stage of this 
condition is shown in figure 3, a photomicrograph from the base of the 
brain of an animal killed thirtj’-three days after the last injection. Dur- 
ing the thirty-three days, the clinical condition was not satisfactory in 
that the animal ate poorly and was very weak. 

This condition is not limited to the base of the brain as shown in 
figure 4, which is an illustration of a section taken from the same dog 
over the crest of the gyrus adjacent to the longitudinal sinus. The 
meningeal thickening is often marked at the site of sulci dimini.slu'ng 
as the crest of the sulcus is reached. In figure 5, taken from dog 10 
(table 4), the meningeal thickening at a sulcus is seen. The hcavih- 
stained cells are phagocytes filled with blood pigment. The pigment- 
laden cells are found even in the chronic state of the meningeal tliicken- 
ing secondary to the injection of blood and are useful in the microscopic 
examination of the specimens, as is blood-staining in the gross ajipear- 
ance in determining the areas of the meninges with which the blood had 
come in contact. 

In figure 5, at A two pigment filled phagocytes are seen in a peri- 
vascular space well below the surface of the cortex, indicating an early 
stage of cortical alteration. This cortical alteration is frcfjiicntly 
secondaiy to a condition seen in figure 6, where it is .shown that the 
meningeal reaction has progressed to a point of matting together of the 
membranes in a sulcus, entirely obliterating the nonnal meningeal 
spaces. With a beginning cortical alteration, as seen in figure 5, active 
cell proliferation (fig. 7) ensues, which progresses for a time and 
results in fibrous tissue deposit constituting a scar, as shown in figure S. 

The meningeal reaction extends to the membranes covering the oj/.ic 
nerve, as shown in figure 9, a photognaph of a section of the ojitir nerve 
and its coverings taken from dog 10 as comjiared with the same .-trur- 
tures in figure 10, taken from one of the control pupi»ics. 


In the pups that presented symptoms and in those th.at li:-!. 
meningeal thickening as shown in the previous sections was ohs-rvi-i. 
For example, in figure 11. taken from the base of ihe brain of ]'\:v 
(table 1), the meninges are thickened and contain a large any;:-: 
fibrous tissue. A photograph (fig. 13j taken from tl’.e fr.cipital p.!e 
the brain of pup 54 show.s the meninges of a sulct:- in active c* ;: r-r - 
liferation extending into the cortex at the site of .a li!«.»..'J ve«ie*.. 
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Fig. 12. — A section of the meninges from the base of pup 59 which died 
during convulsions forty-two days after receu'ing three injections of blood into 
the cistema magna showing an increase of fibrous tissue elements. 
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CONCLUSIONS 

Blood mixed with the cerebrospinal fluid of young and adult dogs 
produces neurologic disturbance varying from slight difference in 
behavior to severe convulsive seizures. Though some of the animals 
were severely affected by small quantities of blood mixed with the 
cerebrospinal fluid, others have survived more than a year, and are 
apparently normal. 

Following the introduction of blood into the cerebrospinal fluid, 
there begins a reaction of the parts of the meninges which have come 
in contact with the blood. The meningeal reaction tends to subside and 
may disappear as the blood disappears from the fluid. After several 
weeks, the cell elements are less numerous in the meninges, but a large 
amount of fibrous tissue is present. 

Late in the course of the meningeal reaction, changes in the structure 
of the cortex are observed. 

Moderate dilatation of the ventricle not infrequently occurs follow- 
ing the introduction of blood into the cerebrospinal fluid of young pups. 
The condition may occur in adult dogs, but with less frequency. 

These facts as applied to patients with bloody cerebrospinal fluid 
are discussed in part B of this paper. 

This work has been carried on under the direction of Dr. Adolf 
Me3'er. Dr. Frank Ford assisted in some of the experiments and Miss 
Cecelia Bisson in the making of the motion picture films, for the study 
of the behavior of the animals, and in making the illustrations for this 
paper. 



BLOOD IN THE CEREBROSPINAL FLUID 

RESULTANT FUNCTIONAL AND ORGANIC ALTERATIONS IN THE 
CENTRAL NERVOUS SYSTEM * 


B. CLINICAL DATA 


CHARLES BAGLEY, JR., M.D. 

BALTIMORE 


In a report concerning some experiments made to determine the effect 
of a relatively small amount of blood in the cerebrospinal fluid,' atten- 
tion was directed to the acute and chronic symptoms resulting from 
the meningeal irritation caused by the blood. The present report con- 
cerns some experiences with bloody cerebrospinal fluid in ixiticnts 
ranging in age from a few days to 56 years who presented meningeal 
lesions similar to those produced in the experiments. 

The sudden appearance of blood in the cerebrospinal fluid of tlie very 
young or of middle-aged persons is rare enough to excite one's curio.'sity 
as to the cause of the bleeding. The first i>art of this paper deals with 
the examination of the brains in some of the fatal cases and the lesions 
responsible for the blood. 

REPORT OF CASE.S 


Case 1. — Venous plexus of cerebellar pia; drainatie of cerebrospinal fluid xcilh- 
out benefit. 

Baby G. was admitted to tlic itospital when 16 day.s old. Libor wa.s imrum- 
plicated, and the child seemed normal in every way until 15 days old, when tlu- 
mother noticed twitchings of the muscles of the body, drawing hack ttf thr hc.id 
and rolling of the eyes. The following day there were several .severe fmivulvinm. 
Lumbar puncture, performed when the patient was admitted to the ho.sjdtal, •.Imwed 
bloody cerebrospinal fluid. The drainage of this fluid did not improve the ma- 
dition, and on the following day an opening was made in the rieht temp'irai 
region. When the dura was incised, there was little cerebrospinal duid in the 
subarachnoid space, the cortical veins were dilated, and old blood wa*. Tlv 

absence of cerebrospin.il fluid was in .«triking contrast to the condition tiMirdly 
found in simple hemorrhages at hirth. Drains were inserte»l bencith thi- dura. 
Following the operation there was not the usual free drainnee of firt! r<>.pi:.rd 
fluid, and several lumbar punctures were made. In all of the‘e pm’.ftnri ^ ti.*- 
fluid was bloody, and eighteen d.tys after the opcr.-ition it w.-i'S c-.nrJn'hd ii .t 
a large blood clot was present. .•\s there was no indicatirn of the h v. •■!' 
the supposed clot, further c.xp!oration wa-! not .'itteniptui. tr^;.^:::• rt 
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abandoned, and the child died fifty-one days after birth. Autopsy revealed a 
venous plexus covering the greater portion of the cerebellar cortex (fig. 1) and 
marked dilatation of the ventricle as shown in figure 2. 

On section, the pia was seen to be much thickened and contained a great many 
•dilated, thin-walled veins, as shown in figure 3. . The sudden appearance of 
symptoms was due to rupture of ' a vein. . Repeated punctures failed to clear the 
fluid because of recurrent bleeding from this source. The dilatation of the 
ventricles was due to the adhesions at file foramina of Magendie and Luschka. 
Hydrocephalus secondary to hemorrhage in the posterior fossa has been described 
by Arthur G. Jacobs * in the case of a new-born child with early evidence of 
hemorrhage. Seventy-five days after birth, subocdpital exploration by Dr. R. E. 
Semmes revealed extensive adhesions and arrested the condition. 



Fig. 1 (case 1). — Greater part of the cerebellum is covered by a network of 
veins. Rupture of one of these veins was the cause of the hemorrhage fifteen 
days after birth. 

Case 2. — Venous plexus involving chiefly the occipital and cerebellar veins; 
extravasation of a small amount of blood from a cerebellar vein with signs of 
increased intracranial tension. 

M. H., a girl, aged 20, had a history of normal development until the age of 
6 years, when she had had a severe attack of measles, since which time she had 
not been strong. At the age of 12, she u'as extremely ill with influenza, and a* *®* 
time a heart murmur udth cardiac enlargement was found. At the age of 1 , 
a murmur was first heard in the head. During the four years precedmg 
the examination, headache was troublesome; it became severe after an attac 

2. Jacobs, A. G. : Hydrocephalus Following Intracranial Hemorrhage, South. 
:M. J. 19:669 (Sept.) 1926. 



Fig. 2 (case 1). — The frontal section of the brain siiowing marked dilatatinii 
of the ventricles secondary' to hemorrhage in the posterior fossa. 
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of otitis media twelve wedcs before the exammation, at which time a mild 
■degree of choked disk was noted. These facts suggested the possibility of an 
abscess of the brain. Two weeks before the examination, while stooping to 
fasten her galoshes, she was suddenly aivare of a brushing sound, which she 
thought was caused by some one passing her in the room. This was immediately 
followed by a severe headache, vomiting and dizziness. Lumbar puncture ten 
days later showed marked increase in pressure and evidence of a etnall amount 
of old blood in the cerebrospinal fluid. When examined four days after this 
puncture, the patient was stuporous but could be aroused. The pvamin gt io n 
revealed a loud systolic murmur over the precordium extending into the neck 
and a loud bruit over the entire head synchronous with the heart beat. There 



Fig. 4 (case 2).— The posterior part of the skull including the occipital and 
part of the parietal bones, showing the deep depressions corresponding to the 
greatly dilated venous sinuses and tributaries. 


was marked spontaneous nystagmus and a high degree of choked disk. The 
diagnosis of a cerebral vascular lesion, exact tj^e unknown, with leakage of 
blood into the cerebrospinal fluid was made. Because of the likelihood of exciting 
further bleeding, a lumbar puncture or a more radical operative procedure was 
not undataken. Two weeks later, the patient was in a serious condition because 
of increased intracranial pressure, and she died twenty-four hours after an 
attempt at relief through a right subtemporal decompression. 

Postmortem examination showed that the lesion involved chiefly the venous 
structure of the dura, resulting in deep channeling of the skull as shown in 
figure 4. In the left cerebellar pontile angle, several dilated and recently 
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thrombosed veins were seen (fig. 5). Sections of the area of cxtravasatio!i 
showed several thin-walled veins (fig. 6). A large clot was not found; the 
marked increase in intracranial pressure was evidently due to the irritation of 
the bloody cerebrospinal fluid. Leakage had, no doubt, been occurring over a 
period of fifteen weeks, corresponding to the course of the final illness. 

Case Z.— Recurrent hemorrhage fotlovnng rupture of on aneurysm of the 
anterior cerebral artery, with signs of increased intracranial tension. 

E. S., a girl, aged 12, entered the hospital with a history of a sudden severe 
headache thirty-five days before admission. The headache was associated with 
vomiting. A week later, because of continuance of s>Tnptoms. she was admitted 
to the Western Maryland Hospital in Cumberland, and lumbar puncture at that 
time revealed bloody cerebrospinal fluid. Twelve days later, she was discharged 
from the hospital with marked improvement in symptoms, though she was rather 
dull and vision was blurred. Thirty-one days after the first attack of headache, 
she had a second severe attack with two general convulsive seizures, diplopia and 



Fig. 5 (case 2). — Marked venous dilatation with recent throinhus in the cere- 
bellar pontile angle. 


badly blurred vision. Five days later, she was admitted to the Church Hosne 
Infirmary, Baltimore, where I first saw her. At the time of admis«>i-':i. th.i re 
severe headache, vomiting and stupor (though she could be arou-ed » a::d :i 
high grade choked disk, with hemorrhages; the right pupil «a< larger thar 
left, and a loud cerebral bruit was heard over the entire he.Tl. but ir. -re 
tinctly in the temporal regions. When questioned, the chiM yaid th.nt fhe 
heard the murmur for a long time. Bloody cerebrospinal :h:id w-a- 
lumbar puncture. A right subtemporal decompression frr rehe: »■: j rei-nre 
made, and the child died four days after operation. I-mure / . 

hemorrhage between the hemisphere extending into tl’.e b-it later;:! 
Microscopic study of this area showed an orcanired b!'>.'i c! t. :!■: re-.:; 
doubt, of the bleeding which caused the original attack t!::r;y-‘.-.r 
admission to the hospital, a large amount of recent I'en: rr:;: cc 
dilatation of the right anterior cerebral artery t::g. ? 
was the cause of the bleeding. 


ver; 
: t?: 
<!;- 


V. ' 


??■••****»• I 





Fig, 6 (case 2 ). — A higher magnification of the vein in figure S, showing the 
breaking down of the thin wall of the vein and recent thrombus. 



Fig. 7 (case 3). — Between the hemispheres there is a blood clot extending from 
the base into the left ventricle. At A, the cut end of the left anterior cerebral 
artery is seen ; at B, an aneurysm of the right anterior cerebral artery. 
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Case 4. — Hemorrhage due to rupture of an aneurysm of the anterior cerebral 
artery. Death followed the initial rupture. 

C. B., a man, aged 37, previously in good Iicalth, was suddenly scired with 
severe headache and vomiting, followed almost immediately by coma. He died 
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se^on of the brain, as seen in figure 9, showed a bulbous enlargement of th 
anterior webral arte^. SMtions of this nnruptured aneurysm are shown i 
figures 10 and 11. This lesion was not the source of the hemorrhage; a secon 
small aneurysm of the artery ruptured subcortically. Small aneurysms of thj 
tsrpe are frequently multiple^ 

Case S.—Remrrent hentorrhage foUomng ruphire of m aneatysnt of th 
anterior cerebral artery. 


M. H., a man, aged 41, was admitted to the hospital complaining of headach 
and weakness of the left side of the body. The illness began three mnnfiic ; befor 
admission with sudden loss of consciousness. -Five weeks after the onset th 
patient apin lost consciousness, and thwe was paralysis of the left side of th( 
body; this gradually improved until the time of admission to the hospital. Th 



Fig. 9 (case 4).— A shows blood clot resulting from the rupture of a branch 
of the left anterior cerebral artery at C. B indicates aneurysm of the anterior 
cerebral artery unruptured, shown in figure 10. 


examination showed partial hemiplegia of the left side and arteriosclerosis. The 
Wassermann test of the blood and spinal fluid was negative, and the spinal fluid 
contained 13 cells. Four days after admission to the hospital, the patient suddCTly 
lost consciousness, but he improved during the following hour, at which time 
there was complete loss of power of all muscles of the left side of the body. He 
lost consciousness and died two hours after the onset of the attack. The 
history did not mention a cerebral bruit, so that it is not possible to say whether or 
not one was present. Autopsy showed general arteriosclerosis, free blood over 
the right cerebral cortex and a partially organized blood clot at the base between 
the hemispheres of the brain anterior to the chiasm, as shown in figure 12. 
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Section of the blood clot showed an aneurysm of the right cerebral artery as 
shown in figure 13. 

Case 6.^Rccurrcnt hemorrhage in a patient at the age of 22, 42 and 44 yearjt; 
large calcified mass at the site of the first hemorrhage and beginning cateifieation 
in the second with an aneurysm of the anterior cerebral artery; death ttra hours 
after the third hemorrhage. 
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the abrupt termination of the elastic tissue. 
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was a mild degree of choking of both optic nerves. The rocntgcnugram shnwe*! 
a smooth, calcified mass 1 cm. above and not connected with the sella tnrcic.n 
(fig. 14). In the anteroposterior view, this mass was seen exactly in the midline 
(fig. 15). The patient said that at the age of 22 he had had a similar illness 
which had necessitated his remaining in bed for six weeks, hut he hail entirely 
recovered. This fact led to the opinion that the calcified mass shnwn in the 
roentgenogram had to do with the previous illness. The smooth external snrfaee 
of the mass suggested calcification in a cyst, and tumor calcitication was ruled 
out. Soon after the patient's admission, the symptoms improved, anil he wa>- 
discliargcd from the hospital on the twenty-second day. In spite of the tael th.-it 
a bruit was not heard and a lumbar puncture could not be made heraii>e »i the 
danger of exciting further bleeding, it Wiis concluded that the patient had :i 
vascular lesion and that the attacks were due to bleeding as had been found it; 



rig. 12 (ease 5). — lllootl clot between the frontal lobe- witli thi 
cerebral artery at A. 




Fig. 13 (case 5). — Section taken from the area of blood clot in figure 12, show- 
ing the left anterior cerebral artery at A and the right anterior cerebral artery 
with an aneurysmal dilatation. The termination of the elastic tissue marking the 
extent of the arterial wall is shown at B and C below which the aneurj’sm 
extends. 








Fig. 16 (case 6). — ^Frontal section showing dilatated ventricles which were 
filled with fresh blood and the calcified mass at A shown in figures 14 and 15. 
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death. In the ivall of this mass beginning calcification was seen, and it is 
probable that this would have been similar to the large calcified mass if the 
.patient had survived. In figure 18, the anterior cerebral arterj' at the caudal 
extremity of the aneurysm is shown. The thick wall of the aneurysm in this 



I'ig. IS (case 6).— Anterior cerebral artery at its junction with the aneiirj «ni 
shown at A in figure 17. The elastic tissue present from li to C is ah'int 1 etwun 
the points of the arrows. 


section was lacking in elastic tissue. Sections through the large sac as shoMii in 
figure 17 also demonstrated complete absence of elastic tissue. 

Case 7. — Clinical ct-idcitcc oj licmorrkatic in tltc same area as s!.r:i.i! v //..■ 
three f'recedinp cases in tchieh the patients recoz'ered folloiimi! tr.e a:: s. 
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Mrs. R. R., a woman, aged 34 years, while walking with her husband in the 
garden, suddenly exclaimed, “I have the funniest feeling in my-head and it hurts. 
I am going mto the house and he down.” I saw this patient three days later, 
when stupor, nausea and vomiting, marked bilateral edema of the disks with 
hemorrhages and. abducens. weakness^. were present. The cerebrospinal fluid, as 
obtained by lumbar puncture, was slightly bloody. Only a small amount of fluid 
wns taken, and the puncture was not repeated because of the presence of choked 
disk and the possibility 'of exciting further bleeding. A cerebral" bruit was not 
heard. The symptoms progressed for two days, when there was paralysis involv- 
ing chiefly the muscles of the right side of the body. The paralysis and choking 
slowly disappeared, but there was some headache for two months. It is now eight 
months since the onset of the illness, and the patient is free from S3rmptotns; 
however, there is grave danger of recurrence of the ssmiptoms. 

•Until recent years, cerebral aneurysms have been mainly of pathologic 
interest. Five years ago. Dr. C. P. Symonds and Dr. Harvey Cushing ® 
called attention to the importance of clinical facts concerning these 
le.sions. Slight hemorrhage with definite clinical manifestations usually 
precedes the large fatal hemorrhage in small cerebral aneurysms and 
must be considered in the differential diagnosis of obscure lesions of 
the brain. 

The source of bleeding in infants is a matter of great importance. 
The bleeding is frequently due to tearing of the large dural sinuses, but 
in some cases it is probably due to tearing of the cortical veins as they 
enter the dura. The following case is included because of its course 
which typifies what happens when blood escapes into, the cerebrospinal 
fiuid and because of the specimen which shows the source of the blood. 

Case 8. — Small amount of blood in the cerebrospinal fluid following cerebral 
trauma; death in status epileptiais on the third day. 

J. D., aged 6 months, was in excellent physical condition when left with a 
colored nurse. "When the mother returned two hours later, the child was uncon- 
scious and the nurse did not give any indication of the cause. Twenty-four hours 
later the fontanel was tight, and there was a severe general convulsive seizure. 
Seizures occurred at short intervals until collapse eighty hours after the onset 
when the child died. Lumbar puncture during the third day revealed bloody 
cerebrospinal fluid. 

Autopsy showed a moderate amount of blood mixed with the cerebrospinal 
fluid and a small blood clot over the left frontal cortex where a vein had bwn 
tom from the dura (fig. 19). The pia-arachnoid was thickened and the veins 
markedly dilated. 

Case 9. Tumor of choroid plexus with hemorrhage into ventricle on the tenth 

flay. The early date of bleeding created confusion with birth hemorrhage. 

H. M., came under observation when 10 days old because of sudden increase 
in intracranial pressure, with vomiting, respiratory embarrassment and loss of 
consciousness. When the patient was examined about six hours after the onset 

3. Svmonds. C. P.: Clinical Study of Intracranial Aneurysms. Part 1, Guys 
Hosp. Rep. 73:139 (April) 1923. Cushing. H.: Clinical Study of Intracranial 
Aneurysms, Part II. ibid. 73:159 (.April) 1923. 
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of the symptoms, the fontanel vras bulging and tense, and the cerebrospinal fluid 
contained a large amount of blood. The late onset of the symptoms without any 
indication of a hemorrhage during the first hours after birth and the quantity of 
fresh blood in the cerebrospinal fluid led to the suspicion of a lesion similar to 
that shown in case 1. Repeated lumbar punctures showed a gradual decrease in 
the amount of the blood, but the fluid remained yellow, and normal intracranial 



Fig. 19 (case 8). — Specimen from an infant, aged 6 montlis, showing blood clot 
at the site of a tom cortical vein at point of attachment to dura. Tlie clot is 
small and merely marks the point of escape of blood into the cerebrospinal fluid, 
which produced severe convulsive seizures and death. 



Fig. 20 (case 9).— Tumor of the brain, the source of a large amount of 
in the cerebrospinal fluid on the tenth day after birth. 


tension could not be maintained. At the age of 9 weeks the circumference of tin 
head was 40 cm., the fontanel was large and the sutures were separate*!. Wit!', 
the view to determining the possible presence of hydrocephalus, air was intr..- 
duced through a lumbar puncture needle. Only the right ventrscle v.a- nlle*! 


# 
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The right ventricle was then aspirated and air was injected, but again only the 
nght ventricle was filled. A left osteoplastic bone flap was removed and a large 

solid tumor uncovered. The flap was replaced, and the child died twelve days 
later. ^ 

Examination of this tumor, shown in figure 20, proved to be a choroid plexus 
growth. The foramen of Monro was entirely occluded, and part of the left 



Fig. 21 (case 10). — Cerebral meningeal reaction resulting from bloody cerebro- 
spinal fluid due to injurj' of the spinal cord. 


lateral ventricle of the forebrain which was not filled with tumor was greatly 
distended with blood-stained fluid. 

Case 10. — Cerebral irritation follozeing bloody cerebrospinal fluid, extracranial 
source of blood zvith no likelihood of cranial injury. 

The case of Baby B. is interesting because the injury at birth which was the 
source of blood was in the spinal cord, the blood reaching the cerebral sub- 
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nrachtidkl space in tlic same inaiiiier as in the experiments on dogs when the 
injections were made into tlie cisterna niagnn. Tltc child was born after breech 
delivery and weiRliecl 9 ]iotmds (4.1 Kg.). Trom the beginning the condition 
was not satisfactory, and twelve hours later the temperature was 107 F. The 
fontanel was bulging slightly, and bloody cerebrospinal fluid was obtained on 
lumbar puncture. \\ hen .Ifi hours old, the child had two general convulsive 
5cii:urcs and dieil. 1 he injury of the cord involved the eighth cervical and the 
first thoracic segments; from this point, blood had reached the cerebral cortex, 
producing marked clinical disturbance and the flrst stage of meningeal reaction 
shown in figure 21. 

Casi; II, — Chronic nicninpilis in tvhich the clinical course and obscn'ations at 
anio/'sy snatjcsl early hlondy ccrchrosltinal fluid. 



Fig. 22 (ease 11). — ^Arachnoid mesh at the Assure of Sylvius which before 
Axation in formaldehyde was greatly distended with cerebrospinal fluid. 

^I. B., aged 9 months, had had a normal birth and did well until the age of 2 
months, when she was irritable and cried a great deal. The feeding was thought 
to, be the cause, but frequent changes in the diet did not improve the condition. 
Vpmiting was troublesome, and there was gradual increasing rigidity. When 6 
months old, she had a severe general convulsion, following which the condition 
grew worse. When admitted to the hospital at the age of 8yi months, the child 
was undernourished and spastic, it had convulsive movements of the arms and 
legs, and the head was retracted. The cerebrospinal fluid was clear, with 2 cells 
per cubic millimeter. When the patient was admitted to the hospital, the tem- 
perature was 101.5 F., and it ranged between this and 107 F. until death two 
weeks later. 
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Fig. 23 (case 11 ). — A section from the base of the brain of an infant with 
clinical evidence of bloody cerebrospinal fluid showing meningeal thickening. 







nAGLIiy—nWOD in spinal fluid S 9 

Autopsy revealed clironic nieiiingeal thickciiiiig ; the arachnoid at the sulci 
was opaque and edematous; in the sylvian Tissurc, it had the appearance of a 
veiMike sponge fdled with fluid. In figure 22, the arachnoid mesh in which the 
fluid was held is shown ; fi.\ation of the tissue had caused the membrane to shrink 
below the level of the surrounding cortex in marked contrast to the distended 
memhranc when seen in the fresh state. The meningeal thickening at the base 
of the brain is shown in figure 23. 

My iiitcrc.*!! in tlic .•^tibjccl of bloody cerebrospinal fluid began during 
llte .sunimcr of 192.^. when the following case came under observation. 

Cask 12 . — Chronic tncnhtnilis, secondary lo birth hemorrhage (clinical evi- 
dence). Gradual increase in the head and other indications of hydrocephalus. 



Fig. 24 (case 12). — Chronic meningeal thickening with marked dilatation of 
die cortical veins.. 

Ventricle normal in sisc, a large amount of fluid over the cerebral cortex. Sub- 
temporal decompression greatly diminished the meningeal thickening on the side 
drained, but had no influence on the undrained side. 

P. C., aged 27 months, was apparently normal at birth. Jaundice was present 
on the second day and lasted for some weeks. Vomiting was troublesome on the 
fifteenth day and had continued irregularly, making it difficult to keep up body 
nourishment. At the time of the examination, the child weighed 22 pounds 
(10 Kg.). The appearance of the head indicated hydrocephalus, 'the fontanel was 
large, circumference 48 cm., thin, fine hair was present over the scalp, and there 
was internal squint of both eyes. Air injected into the ventricles showed both 
ventricles to be of normal size, but a large amount of air escaped over the cortex. 
A right subtemporal decompression revealed large cortical veins which were 
matted together, especially in the sylvian fissure. The arachnoid was thickened and 
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dpaque. There was a large amount of cerebrospinal fluid over the cortex. A drain 
was inserted, and following the operation there was free drainage of cerebro- 
spinal fluid which continued even , after removal of the drain. The child died 
of pneumonia twenty-two days after the operation. The particular interest in 
this case is found in the examination of the brain, first because of the undilated 
ventricles in a child with a large head and other indications of hydrocephalus ; 
second, because of the diflference in the meninges and meningeal vessels on the 
drained and undrained sides of the brain. Grossly, the drained side was lighter 
in color than the undrained side, which was dark and Qranotic, suggesting a venous 
stasis. The veins of the undrained side, were large;, and small tributaries were 
plainly visible (fig. 24), while on the drained side (fig. 25) the veins were smaller, 
and the tributaries were not seen. Microscopically, the pia-arachnoid was much 



• * fig. 25 (case 12). — ^The opposite side of the brain shown in figure 24. When 
explored twenty-two days before death this hemisphere had the same appearance 
as that shown in figure 24. Free drainage of cerebrospinal fluid during the 
ihtervaTbetween operation and death greatly improved the drained side, but seemed 
to have had no influence on the undrained side. 

thickened, the walls ’of the vessels were heavy and they were dilated on the 
undrained side. The difference in the membrane at the top of a sulcus is shown 
in figures 26 and 27. Deep in the sulci, the changes were marked. In figure 28. 
t aW" from the undrained side, there is a large amount of fibrous tissue and the 
vessel walls are thick in sharp contrast to the more delicate arrangement of these 
structures in figure 29, taken from a sulcus of the drained side. The lesions 
shown in the e.xamination of the meninges of this brain were like those found 
in the young dogs following the injection of blood in the cerebrospinal fluid, and 
were similar to those found in verified cases of bloody cerebrospinal fluid m 
infants which in some instances presented the same clinical picture so that « 
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seems fair to assume that this child had a hcmorrhagci though lumbar puncture 
was not performed early. 

In it.s ino.sl simiile form, bloodj' cerebrospinal fluid is seen, in .a type 
of Iicinorrhage in the new-born. Such cases show a disturbance- rang- 
ing from twitching to general convulsive seizures during the first few 
<lays iinincdiatcly following delivery. The .story of hemorrhage in the 



Fig. 26 (case 12). — ^The dilated vessels and thickened arachnoid mesh on the 
undrained side. 


new-horn has been told many times and need not be repeated here^ 
so that only a few cases illustrating types of cases and methods of 
treatment are included. 

Case 13. — Small amount of blood in the cerebrospinal fluid during birth, with 
mild cerebral disturbance; entirely controlled by repeated lumbar punctures. 
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Baby J. F. B., a breech delivery, was apparently normal until about 24 hours 
of age, when he became limp and cyanosed and had attacks of twitching involving 
the whole body. These twitchings occurred at intervals of from two to three 
hours. A lumbar puncture was made on the third day,' and yellow cerebrospinal 
fluid was obtained. The following day there was no improvement in the condi- 
tion, and a second lumbar puncture was performed. The fluid obtained was more 



deeply tinged than that withdrawn at the first puncture. 
there were constant jerkings of the entire body-more 

After the second puncture, there was marked improvement in the ^ 

milHpr attacks occurring at longer intervals. On the fifth da> , lum p 

evidence of pressure. Attacks were not noted after the fifth daj. 
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punctures were made during the latter period of the stay in the hospital, and the 
fluid gradually returned to a normal color. 

This child is now entirely normal at the age of 27 months. 

With a history such as that obtained in this case, lumbar puncture is 
always recommended. Care must be taken in doine the puncture to 
avoid trauma, particularly when done in the first forty-eight hours, and 
for this reason, 1 practice giving a few drops of chloroform and use a 
small Liter hypodermic needle. When bloody fluid is obtained, the child 



Fig. 28 (case 12). — Pia-arachnoid deep in a sulcus on the undrained side 
showing fibrous tissue and cell infiltration. 

is generally better after the first or second puncture, but I make repeated 
punctures even in the absence of symptoms until the fluid is entirely 
clear. The intervals between punctures depend on the severity of the 
symptoms (being shorter in severe cases) and the amount of blood 
present. It is recognized that a new-born child with some blood in the 
cerebrospinal fluid will recover spontaneously, but when the blood has 
produced symptoms, the normal recuperative powers should be aided by 
repeated punctures. 
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Fortunately, the greater number of hemorrhages at birth, excluding 
those desperate cases in which there are massive hemorrhages, fall into 
this group. 

Major operative procedures are recommended only in selected m fips 
because of the high mortality which discourages all effort, resulting in 
the attitude, still too frequently encountered, that a child with a 
hemorrhage is so likely to be a defective that it is better for it to go 



Fig. 29 (case 12).— Pia-arachnoid deep in a sulcus on the drained side in 
marked contrast to that shown in figure 28 corresponding to the gross changes 
in figures 24 and 25. 


untreated with the hope that it null succumb. This is unfair in tliat it 
does not give the child a chance, and especially because many of the 
untreated survive with a poor chance for normal cerebral development. 
A good example of this was seen in a child who had had severe con- 
vulsions immediately after birth. The diagnosis of cerebral hemorrhage 
was made, and there was a stormy course for a month, during which 
time little hope of recovery was maintained. After a few weeks the 
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child had apparently recovered, but at the age of 3}A years, a general 
convulsive seizure was followed by other seizures at inter\'als of a. 
few months. 

General muscle rigidity is a prominent sign in neglected cases and. 
usually starts when the acute signs of cerebral irritation cease. 

Case 14. — Cerebral irritation when a feze days old. Muscular rigidity at 
1 month, which increased until treatment, lumbar puncture, was instituted at age 
of 2 months. Condition satisfactory tehen child avs 6 months old. 

Baby P. Z.. when a few days old had had a seizure, with marked c>-anosis. 
When -the child was 2 weeks old the mother noticed postcerA-ical rigiditj-. At 
the age of 1 month there was general rigidity, and the head was drawn back to- 
such an extent that the child could not lie in the dorsal position and could be- 
raised from a lying to a sitting position by lifting the head (tig. 30). Because 
the eyes were rolled upward and did not follow an object, the mother also 
feared he could not see. Repeated lumbar punctures, fourteen in all. over a. 
period of four months, were followed by satisfactory disappearance of the rigiditj'. 



Fig. 30 (case 14). — ^The postcen'ical rigiditj* permitted the child to be raisedl 
to a sitting position bj’ lifting the head (illustration taken from a moring picture- 
film). 

From this time, the mental and phj’sical condition of the child did not cause- 
concern. The photograph (fig. 31) was made when the child was 1 j-ear of age- 
to show normal muscle control. 

The history* of cerebral irritation during the first few days of life 
and the fact that improvement follows lumbar punctures differentiates 
these patients from the large group of children with spasticity resulting 
from developmental defects. 

One child came under obser\'ation at the age of 9 years. This child, 
with her twin had had a normal birth, and at the age of 4 weeks was- 
examined by the pediatrician, who told the mother that the patient u-as- 
the better of the twins because of her ability to hold her head and spine 
erect. This probably indicated the early rigidity of a chronic meningitis ;■ 
the mental and physical development of the patient, not so good as that- 
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the ofter twin, into e state of epilepsy at the age of 9 years. 

The head of the child had the appearance of a slight degree of hydro- 
cephalus, and this fact was borne out by the roentgenogram of the air 
filled ventricles. 

In a few cases, lumbar puncture will not control the symptoms, and 
a more complete and thorough drainage must be established through a 
decompression or osteoplastic flap. 

Case IS.— Cerebral irriiatiott at age of 1 week. After repeated lumbar 
punctures, all symptoms disappeared, except muscular rigidity, which improved 
during a period of subtemporal drainage but returned when drainage ceased. 
An osteoplastic bone flap followed by drainage entirely relieved the condition. 



Fig. 31 (case 14). — Normal muscle control when a little more than 1 year 
old (illustration taken from a moving picture film). 

£. S., had had a convulsion on the seventh day after birth, and there was 
bulging of the fontanel. Lumbar puncture revealed blood-stained cerebrospinal 
fluid, diminished the bulging of the fontanel, and the convulsions ceased. Repeated 
punctures, six in all, until the age of 6 weeks, improved only temporarily the 
state of rigidity and the tension of the fontanel. At this stage, a more radical 
procedure was deemed necessary; an opening was made in the right subtemporal 
region, and a small rubber tissue drain was inserted. As long as drainage of 
cerebrospinal fluid continued, the condition of the child was satisfactorj', but 
soon after the drain was removed, on the ninth day after operation, the tension 
and rigidity returned. The mother expressed anxiety over the condition of the 
child as compared with her two other normal children at this age. On the 
seventy-second day after birth, a right osteoplastic bone flap was done with the 

46 ^'^ 
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hope of draining more ihoroiiglily the subarachnoid space. When the pia-arach- 
noid overlying the hemisphere was exposed, a low grade meningitis similar to that 
seen in the dogs was found. Drains were inserted over the cortex, and the dura 
was closed loosely. The rigidity gradually diminished and disappeared. The 
fear of the mother that the child would be backward, entirely subsided as normal 
mental and physical development (fig. 32) progressed throughout the first months 
after the operation. The child is now 4 years old and is quite like her brother 
and sister. 



Fig. 32 (case 15). — Patient at the age of about 16 months showing an active, 
alert child. 

Six of the twenty-six puppies, injected had a rather marked degree 
of ventricle dilatation associated with chronic meningeal thickening and 
cortical scarring. The dilatation did not progress to an extreme degree 
and was associated with an excess of fluid over the cortex, which leads 
to the belief that the cerebrospinal fluid blocking was due to interference 
of absorption rather than to a blocking at the basal foraminae. 
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The two foBOTving cases in which the patients had slight enlargement 
Of the ventricle and a large amount of fluid over the cortex with clinical 
evidence of hydrocephalus are of this type, although the cerebrospinal 
fluid blockage is different from that seen in case 1. 

Case 16.-^Cercbral trauma at the age of 2 months. Indefinite cerebral 
symptoms With gradual enlargement of the head until 8 months of age when 
examination showed slight enlargement of the ventricles and a large amount of 
fluid over the cerebral cortex. 



Fig. 33 (case 16). — Large amount of air over the cerebral cortex with oniy 
slight dilatation of the cerebral ventricles. The air was introduced through a 
lumbar puncture needle after the withdrawal of a large amount of fluid. 

Baby W. W., fell from his crib at the age of 2 months. Little attention was 
paid to the injury, but during the following weeks the child was listless and 
inactive. At the age of 8 months, he was unable to hold up his head. When 
examined by me at the age of 9 months, the circumference of the head was 
45.5 cm., the sutures were separated, and the fontanel was large and tense, giving 
the child a tj'pical h}'drocephalic appearance. A large amount of cerebrospinal 
fluid was withdrawn through a lumbar puncture needle, and air was injected 
(figs. 33 and 34). The illustrations show a large amount of air over the cere- 
bral cortex with only slight dilatation of the ventricles. Repeated lumbar 
punctures failed to control the symptoms. Because of the long duration and the 
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advanced stage of the condition, so little was promised the parents that they 
•declined operation. The child is now 2J4 years old and is entirely helpless. 

Case 17. — Small amount of blood in the cerebrospinal fluid at birth. Early 
cerebral irritatiiv symptoms and during the third month evidence of hydro- 
ccphalus. Fentricles only slightly enlarged but a large amount of fluid over the 
cerebral cortex. Condition corrected by osteoplastic bone flap zvithjree drainage 
of cerebrospinal fluid on one side and decompression with free drainage on the 
•other side. 



Fig. 34 (case 16). — ^Anteroposterior view also showing a large amount of air 
over the cerebral cortex with wide sulci. 


Baby V. D., was delivered with high forceps after slow labor. Immediately 
after delivery, the condition was satisfactory. Later in the day, there was slight 
twitching of the hands and feet with some cyanosis. For the next forty-eight 
hours the child cried a great deal and refused to nurse, and its temperature ranged 
as high as 103 F. Lumbar puncture on the third day revealed cerebrospinal fluid 
with a pale yellow tinge. Because of the mild degree of twitching and the fact 
that the fluid was yellow on the third day, a favorable prognosis was given, as 
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it was believed the small amount of blood would be absorbed. Another puncture 
was advised to check the condition of the cerebrospinal fluid before the mother 
and the baby were discharged from the hospital. On the seventeenth day after 
birth, I examined the child again; the circumference of the head was 39 cm., 
the veins of the scalp were dilated, especially those from the bregma over the 
frontal region, the fontanel was tense, and the sutures were separated. Lumbar 
puncture revealed a more deeply yellow-tinged cerebrospinal fluid than at the 
time of the puncture two weeks previously. Three days later, the circumference 
of the head had increased S mm., and the cerebrospinal fluid pressure was 180 mm. 
of water. The appearance of the diild was now definitely that of one with a 



Fig. 35 (case 17).— Air injected through a lumbar puncture needle after the 
withdrawal of cerebrospinal fluid is shown in the wide sulci and over tlie cortex. 
The ventricles not shown in the print were slightly dilated. 


beginning hydrocephalus, and it was determined to perform punctures at short 
iiiten'als. Twelve additional punctures at intervals of from two to five days 
were made. When the child was 7 weeks old, air was introduced through a 
lumbar puncture needle, and the roentgenogram showed wide sulci, an 
abnormally large space between the cortex and the dura and a^ slight enlargemen 
of the ventricles indicating an excessive amount of cerebrospinal fluid (fig. 3a). 
At the age of 9 weeks, in spite of the lumbar punctures, the circumference o 
the head was 42 cm., the fontanel was larger, the sutures were separated, the 
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veins of the scalp dilated, and the head was hcavj', requiring support when the 
child was picked up. 

At this time, an osteoplastic bone flap was made uncovering a large part of 
the right cerebral hemisphere. The pia-arachnoid was definitely thickened. The 
cortical veins were engorged, and the arachnoid over the sylvian fissure and the 
sulci was literally distended with fluid. When the membrane over the sylvian 
fissure was punctured, fluid slowly escaped as though seeping from a mesh. 
The wound was closed with a drain: For several days after the operation, there 
was free drainage of cerebrospinal fluid. Three weeks after operation, the cir- 
cumference of the head was 41.5 cm., the fontanel was soft, scalp veins were not 
overfilled, and the child had regained some control of the muscles of the neck 
but was still unable to hold the head erect The condition continued to improve 
for several weeks, when the tension was again increased and the head began to 
enlarge. Frequent lumbar punctures were tried, but failed to control the con- 



Fig. 36 (case 17). — Photograph. of patient at the age of 13 months. The head 
is larger than normal, but the sutures .are closed,. and there is no evidence of 
increased intracranial tension. 

dition, and at the age of 19 weeks an opening was made in the left temporal 
region and drains were inserted. From this time on, the fontanel gradually 
decreased in size and the circumference increased only at the normal rate. The 
condition of the child at the age of 13 months is shown in figures 36 and 37. 
Except for slight enlargement of the head, the ph 3 'sical and mental condition is 
entirely normal. 

The clinical course in this case, different from that of the other 
groups described, typifies what happens infrequently, but which I believe 
is nevertheless a definite clinical entity. Through the irritating effects 
of the blood in the cerebrospinal fluid, there is interference with the 
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absorption of the fluid. Puncture of the dura as by lumbar puncture 
in the milder cases or by an extensive opening as a bone flap in the more 
aevere types unblocks at some point, and absorption is reestablished. 

That the opening of the dura has an influence on this type of case 
Tvas first brought to my attention in a diild bom after a prolonged and 
•difficult labor, who was normal.for a period of two weeks, after which 



Fig. 37 (case 17).— Lateral view of the head at the age of 13 months. 

there was rapid enlarganent of the head. It was thought that there 
was a blood dot over the cerebral cortex, and several small openings 
were made through the skull and dura. A clot was not found, and 
the wounds were closed tightly. From the time of the operation, tne 
head ceased to enlarg^e. An e.xplanation of this was not had at ne 
time, but I now believe that the mere opening of the dura helped n 
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the subarachnoid space of the irritating cerebrospinal fluid. This child 
is now 13 years of age, has always been backward, and since the age of 
5 years, has had convulsive seizures. Early complete subarachnoid 
drainage, would perhaps, have given this child a much better chancel 



Fig. 38 (case 18). — Meningeal thickening twenty days after cerebral trauma 
with bloody cerebrospinal fluid. 


In 1903, Dr. William G. Spiller * called attention to the importance 
of cases of cerebral trauma without displacement of bone in which a 
blood clot, even though small, is present, and in spite of the early disap- 

4. Spiller, W. G. : Traumatic Lesions of the Brain in Their Relation to 
Operation, Internal. Clin. 4:102, 1923. 
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pearance of symptoms of compression, the patient is in danger of 
becoming epileptic or developing traumatic insanit 3 \ 

In 1904, Dr. Adolf Mej-er ® in his discussion of mental patients who 
had previously had a cerebral trauma remarked : “Whether the cranium 
is fractured or not means relatively little. It would seem, however, that 
for chances concerning life, a relatively extensive destntction of the skull 
is rather more favorable than otherwise.” 

In the light of my experimental work the drainage of cerebrospinal 
fluid seems to be of paramount importance, and I am inclined to feel 
that the danger of immediate and late symptoms is lessened in the com- 
pound cases in which the dura is opened allowing a free escape of blood 
and cerebrospinal fluid. 

Dr. Harvey Cushing,® in his paper in 1907, calls attention to the 
advisability of decomj^ression and drainage. This marks the beginning 
of a type of cranial surger}' which has proved very useful. Confusion 
ill the Selection of patients for operation occurs because of failure of 
surgeons to consider carefully the underlying lesion in attempting to 
determine whether the patient should or should not be treated by decom- 
pression. For instance, in some clinics, an attempt lias been made to 
settle the question by operating on a given number of consecutive “frac- 
tured skulls” and comparing thqm with a second series, none of which 
were subjected to operation. The outcome of these discussions has 
resulted in the conviction that there is a type of case in which the patient 
may recover spontaneously, but the recovery can be speeded and a more 
simple postoperative course can be assured by drainage of cerebrospinal 
fluid. It has further been recognized that in many of these cases the 
bloody cerebrospinal fluid can be drained through repeated lumbar punc- 
tures, thus avoiding the more radical procedure of decompression and 
drainage. Here again the pendulum may swing too far, and care must 
be taken not to overlook the case in which lumbar puncture will not 
suffice and a decompression or even a bone flap is required. 

The importance of bloody cerebrospinal fluid as a result of injuries 
without displacement of bone is slionm in the following fatal case in 
which the symptoms immediate^ after the injury were slight. During 
the second week, meningeal irritative signs gradualty developed to a 
serious stage, and the patient died during the third week in spite of 
lumbar puncture and late decompression. 

Case 18. — Lale appearance of symptoms following the escape of blood in the 
eerebrospinal fluid. Decompression delayed until the sixteenth day after the 

5. Meyer, A.: The Anatomical Facts and Clinical Varieties of Traumatic 
Insanity, Am. J. Insan. 60:373, 1904. 

6. Cushing, A.: A Discussion of some Immediate and some Remote Conse- 
quences of Cranial Injuries, Based on Three Clinical Histories VTiich Illustrate 
the Extradural, Subcortical, and Intermeningeal Types of Intracranial 
Hemorrhage, New York M. J. 85:214, 1907. 



ARCHIVES OF SURGERY 

accident accomplished noihinff. Section of the meninges showed marked meningeal 

G. G., a man, aged 35, was thrown from an automobile and struck bis bead. 
He went to his home, and his condition did not cause any concern until the end 
of the first week, when there was headache and mental confusion with slight 
elevation m temperature. He was treated at home for several days, during which 
time the symptoms increased. When the patient was admitted to the hosjntal 
fourteen^ days after the accident, the pulse rate was 60 per minute, there was 
.postcervical rigidity, a positive Kemig sign, some delirium, severe head- 
ache and beginning choking of the disks. Lumbar puncture showed yellow-tinged 
cerebrospinal fluid. Following the puncture, the patient was more comfortable. 
A second lumbar puncture was made after an interval of six hours, and a third, 
twenty-four hours later. The symptoms increased, and a right subtemporal 
decompression was performed forty-eight hours after admission, at which time 
the patient presented the appearance of one suffering from advanced meningitis. 
'^Ticn the dura was opened, there was bulging of the cortex and only 'a small 
amoimt of cerebrospinal fluid escaped, indicating that the condition had reached 
the stage of cerebral edema. The pia-arachnoid was opaque,' but Uhere/ was no 
evidence of exudate. Drains were inserted over the eoft^xj (■.■Following, thfe 
pperation, there was scant drainage of cerebrospinal fluid, and the, cpndition grew 
worse until death four days later. Autopsy revealed a film of iblood mixed with 
'cerebrospinal fluid throughout the subaradmoid space. The meninges at the base 
were thickened (fig. 38) and blood-stained. A section of the mdimges-from this 
■area (fig. 39) showed the reaction. 

. In this case, the disturbance at the time of admission to the hospital 
is now believed to have been due to edema of the brain which, no doubt, 
followed a stage in which there was an excess of fluid m the subarachnoid 
space. The period for lumbar puncture had passed, and a more radical 
procedure for complete drainage was indicated. 

In the following case, lumbar {Mincture was not made, as there was 
evidence of "medullary disturbance." On the fourth day, a comoilsive 
seizure occurred, and because of the serious condition following it, a right 
subtemporal decompression Avas performed. 

Case 19 . — Cerebral tr'anma with a general convulsive scisnre and complete loss 
of consciousness on the fourth day. 

J. G. N., a married woman, aged 40, was injured in an automobile accident, 
receiving a blow in the right frontal region. She was admitted to^ the hospital 
one hour later, when there was some bleeding from the nose and right extenial 
auditory canal; the blood was not mixed with the cerebrospinal fluid. In the 
beginning she was unconscious; this condition improved, but mental confusion 
continued. In spite of evidence of “medullary disturbance" with marked increase 
in tlie deep reflexes, clonus and a bilateral Babinski sign, the condition did not 
■seem aJarwing until the afternoon of the fourth day, when she had a convulsive 
seizure with cyanosis, a severe drop in the blood pressure, pulse and respiratory 
rate, the latter reaching 10 per minute. Following the seizure, there was complete 
loss of consciousness for four hours, at which time a right subtemporal decom- 
pression and free drainage of cerebrospinal fluid were accomplished. Fo 
operation there was prompt recovery, and the patient was , 

twelfth daj-, at which time there was some blurring of vision and s ight men 
confusion. When examined recently two and a half years after tie acci c 
the patient was normal. 
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The sudden onset of symptoms in a man four days after an accident 
is shown in the following iiatient : 

Case 20 , — Cerebral irrilation with bloody fluid four days after trauma 
promptly relieved by lumbar puncture. 

J. S., a mail, aged 34, was admitted to the hospital immediately after an injury 
in the right frontal region of the head. There was little headache, and the tem- 
perature ranged from normal to 100 and the pulse rate from 70 to 100 per minute 
for the first four days. During the evening of the fourth day, the patient com- 
plained of severe neuralgia-like headache; he vomited, and the temperature 
registered 97 F. with a fall in pulse rate to 60 per minute. Lumbar puncture 
revealed bloody cerebrospinal fluid. Later, lumbar puncture showed the cerebro- 
spinal fluid gradually returning to normal, and all symptoms disappeared. 

The symptoms in this patient were due to a gradually increasing meningitis. 
It is unwise to disturb a patient who is apparently doing well, but an early lumbar 
puncture would have prevented the severe reaction jn this case. One j’ear after 
the accident this patient had indefinite symptoms, such as headache and dizziness 
of a mild degree. 

The late appearance of signs and symptoms is shown in the following 
case: 

Case 21 . — Cerebral trauma with bloody cerebrospinal fluid. Gradually increas- 
ing symptoms for tieo weeks; gradual disappearance of symptoms following 
repeated lumbar puncture. 

W. C., a man, aged 20, received a severe blow over the right frontal reg'on of 
the head while playing football. After a few moments he continued playing, 
and in spite of a slight headache, Avorked the following day and attended a dance 
during the evening. He complained slightly, and forty-eight hours after the 
injury consulted his family physician because of mild headache and occasional 
vomiting. Two weeks after the date of the injury, I saw him because the pulse 
rate was ranging from 48 to 52 per minute. He was rather dull when left alone, 
but when stimulated, would talk and seemed entirely normal. He said there was 
no real headache, but a feeling of tightness and some tenderness of the scalp. 
The examination showed a rather listless youth with speech distinct but slow. 
The disks showed definite changes from the normal, with a mild degree of chok- 
ing. Three hours after the puncture, the patient said he felt different. The dull 
feeling in the head was gone, and he was more alert. Lumbar puncture twenty- 
four hours later showed the same yellow fluid. Two weeks after the first puncture, 
the fluid was almost entirely clear. Twenty-six days after the first puncture, 
because of nervousness, another puncture was made and the fluid was colorless. 
The patient did not complain of headache, and returned to his work. 

Case 22 . — Cerebral trauma with symptoms two weeks later, but patient not 
treated until one month after the accident. Well marked meningeal reaction with 
evidence of increased intracranial pressure, relieved by decompression and 
drainage. 

R. S., a boy, aged 12, fell from a fence and struck his head in the left parietal 
region. There was nausea and vomiting and some headache for two days. After 
that time he seemed normal, but later developed an internal squint of the right 
eye and complained of photophobia. He played normally for two weeks, when 
there was some drowsiness, and he was inactive for the greater part of the next 
two weeks. When examined four weks after the accident, there was marked 
choking of the disk, paralysis of the right external rectus and stupor, but he could 



78 


ARCHIVES OF SURGERY 

be aroused to cariy out simple commands. The pulse rate .was 60 per minute 
the leukocytes numbered 11,000, and a suggestive Kemig sign was present. The 
roentgenogram showed a linear fracture of the right parietal region. A right sub- 
temporal decompression was performed, and drains were inserted. The dura was 
tense, and when opened there was free drainage of cerebrospinal fluid. The. follow- 
ing day, the -external rectus muscle was less weak. All symptoms gradually dis- 
appeared during a period of three weeks, when the patient was discharged. 

Case 23. — Cerebral trauma with delay of serious symptoms for seveii weeks. 
Late appearance of comnilsions and partial hemiplegia at first led to the diagnosis 
of apoplexy. Because of history of trauma, decompression with drainage was 
done. 

F. S., a man, aged 55, fell on his head while climbing an ice-covered wooden 
fence. He was at first dazed, but walked home. Three weeks later, he had vague 
symptoms for which he consulted a physician. Seven weeks after the accident, 
he returned home after attending church, walked upstairs to retire for the night 
and had a convulsive seizure, after which there was headache and v omiting , slight 
weakness of the right side of the face and of the arm and mental confusion. 
The s}rmptoms continued, and I first saw him four days later. Examination at 
that time revealed the patient in stupor; the pulse rate was slower than normal, 
there was a mild choking of the disks and slight weakness of the right side of 
the face and of the right arm. With the history of the sudden onset four days 
before, the diagnosis of cerebral hemorrhage was made. In discussing the case 
with the patient’s wife following the consultation, she remarked that the patient 
had never been the same since he fell over the fence. This was the first mention 
of the aeddent, which, because of the interval of seven weeks, had not been 
thought to have any connection with the present condition, and was not mentioned 
by the other members of the family who had originally given the history. Care- 
ful questioning revealed that the patient had had vague symptoms and had con- 
sulted a physician for slight headache three weeks after the accident. It was 
then conduded that the symptoms were, perhaps, due to the aeddent, and 
exploration was advised. During the period of twenty-four hours in the hospital 
before the operation, the temperature ranged from 100 to 101 F., and the pulse rate 
from 45 to 65 per minute. There was beginning choking of the disks, weakness 
of the muscles of the right side of the body and stupor. Decompression was 
performed and an opaque arachnoid with distention of the cortical vessels was 
seen. A drain was placed beneath the dura and the wound was closed. Follow- 
ing the operation, there w’as a gradual falling of the temperature, which reached 
normal on the eighth day after admission. All symptoms improved, and tlie 
patient was discharged from the hospital on the thirty-third day. Ten years have 
passed since the operation, and the patient is living and well. 

Just what part syphilis plays in spontaneous cortical hemorrhages 
with extravasation of blood into the cerebrospinal fluid has been variously 
stated. 

Case 24. — Cerebral syphilis with a sudden hemorrhage into the cerebrospinal 
fluid followed by severe pain and delirium. Gradual improvement of symptoms 
for five days. Lumbar puncture on the fifth day showed yellow fluid. Rapid 
improvement following lumbar puncture. 

G. J., a married man, aged 37, while driving his car on April 27, 1923, was 
suddenly seized with severe headache and vomiting. He was taken to the office 
of a physician in a state of collapse. For one wedc following the onset of 
symptom's, he was wdldly delirious. There was elevation in temperature, and the 
pulse rate was rapid. He was admitted to the hospital five days after the attack. 
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complaining of headache and pain in the extremities. Lumbar puncture made 
the next day revealed slightly bloody cerebrospinal fluid; another a week later 
showed clear yellow cerebrospinal fluid. The patient was discharged from the 
hospital eleven days after admission, the stupor following his delirium having- 
cleared up. The Wassermann reaction of the blood and cerebrospinal fluid was 
positive, and the patient was treated for syphilis. It is now almost five years, 
since his discharge from the hospital, and there has not been any recurrence of the 
symptoms. The symptoms in this type of case are due to meningeal irritation. 
The fact that this patient had syphilis and had refused thorough treatment was. 
known to his physician ; he, therefore, attributed the mental upset to this, and was 
planning to have the patient committed to an institution. As the condition 
improved after five days, the patient was admitted to a general hospital, where 
it was decided the mental condition was due to the blood in the cerebrospinal fluid. 

Arteriosclerosis and hypertension play an important role, and care 
must be taken to differentiate cases in which the symptoms are due to 
escape of blood into the cerebrospinal fluid from those due to a hopeless 
subcortical clot. The first intimation of the hopeful t3'pe is found when 
the patient shows evidence of meningeal irritation ranging from severe 
headache and postcervical pain to rigidity and convulsive seizures with 
elevations in temperature and pulse rate. In either type there must be 
some blood in the cerebrospinal fluid; but a lumbar puncture with the 
withdrawal of even a small amount of fluid will cause improvement in 
patients with the simple type and will have a bad influence if any on 
patients with subcortical clot. 

Case 2S. — Cerebral arteriosclerosis with bloody cerebrospinal fluid and severe 
cerebral irritative symptoms which were relieved by repeated lumbar punctures. 

J. H. S., a married man, aged 54, after hurriedly driving his car, became 
slightly confused mentally and thick in his speech. There was a slowly increasing 
stupor, which was never deep. Two hours after the onset, the patient had a gen- 
eral convulsive seizure; during the next ten hours, he had three more, at which 
time there was slight weakness of the right side of the face and of the right arm. 
The blood pressure was 200 systolic and diastolic and later dropped to IPO- 
systolic and 90 diastolic. When I examined the patient the first time, at 4 p. m., 
the following day, twenty hours after the onset of the trouble, there was partial 
aphasia and slight weakness of the right arm and of the right side of the face^ 
and the reflexes were greater in the right than in the left upper extremity. There- 
was stupor and mental confusion. The patient seemed to be uncomfortable because 
of headache. On lumbar puncture, bloody cerebrospinal fluid was withdrawn. 
Following the puncture, the patient was more comfortable. Repeated punctures- 
were made until the fluid was clear one week after the onset, and the patient 
gradually improved, though the aphasia never entirely cleared up. The patient 
is still living, two and one half years later, the blood pressure has remained high, 
and he now presents the usual picture of cerebral arteriosclerosis. 

Case 26. — Bloody cerebrospinal fluid perhaps due to rupture of an arterio- 
sclerotic cerebral vessel. On admission of patient to hospital one week after sudden 
onset, the signs and symptoms suggested tumor of the brain. Repeated lumbar 
punctures followed by disappearance of all signs and symptoms. 

Mrs. C. G., aged 56, was suddenly seized with severe pain in the head. Within 
twenty-four hours the patient was in coma which lasted for several hours. Severe 
headache with parox 3 'smal attacks of agonizing pain and loss of consciousness 
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occurred several times daily. When admitted to the hospital one week after the 
onset, she shbwed bilateral choked disks, bilateral abducens weakness and slight 
weakness of the left side of the body, including the face. There was ppstcervical 
rigidity and positive Kemig sign. Dizziness was troublesome, especially whai thc^ 
position was changed. The diagnosis of cea-ebellar tumor was made, but because] 
of the sudden onset, postcervical rigidity, positive Kernig sign, and slight eleva- 
tion in temperature and increased pulse rate, the immediate cause of the symptone] 
was believed to be due to the escape of blood in the cerebrospinal fluid. A lumbar, 
pxuicture was made, and bloody cerebrospinal fluid was obtained. The conditioij' 
was followed by immediate temporary improvement in the symptoms. Rgieated 
lumbar punctures, nine in all, brought about a subsidence of symptoms, though 
the disturbance of the eye movements persisted for three months. Convalescence 
was slow, but the patient is living and well and free from symptoms with a blood, 
pressure of 160 fifteen months after the illness. 

Lumbar puncture in the presence of choked disk due to tumor is an 
extremely dangerous procedure; on the other hand, when there is an 
excess of cerebrospinal fluid, a lumber puncture is not dangerous but 
offers relief. In this case, the possibility of tumor as the underlying 
cause of the blood must be considered, but there can be no doubt as to the 
blood having caused the immediate symptoms, and the interval of one 
year without symptoms makes the diagnosis of tumor unlikely. • A 
similar case recently came under observation. 

Case 27. — Bloody cerebrospinal fluid with increased intracranial pressure and 
other signs suggesting tumor of the brain. Gradual improvement of symptom's as 
lumbar punctures were made. 

C. C., a married man, aged 46, while at work was suddenly seized with severe 
pains in the head and was immediately taken to the hospital in an unconscious^ 
condition. There was postcervical rigidity and a positive Kemig sign. When- he 
was examined, twenty-four hours after the onset of the trouble, the pulse was slow 
and the disks indicated an increase in intracranial pressure. Lumbar puncture 
revealed a bloody cerebrospinal fluid. In tliis case, the early change in the’ disk 
and the slow pulse rate with slow clearing up of the symptoms after puneUwe 
made one suspicious of something more than a little blood mixed with the cerebro- 
spinal fluid, perhaps a tumor or large hemorrhage with some leakage into the 
subarachnoid space. Three weeks after the onset of the symptoms, the fluid was 
almost entirely clear; the patient was still somewhat confused, but gradually 
improved, following much the same course as that noted in case 24. It is now 
three months since the onset, and the patient is gradually improving; all signs 
and symptoms have disappeared, except dizziness and some unsteadiness of gait. 

SUMMARY 

Short clinical histories of ttventy-seven patients with bloody cerebro- 
spinal fluid are presented. In most of the cases, the blood in the fluid 
resulted from trauma, and the effect of the blood is shown in the acute, 
subacute and chronic stages. 

In two cases, the blood was due to congenital venous anomalies, and 
in one case to a tumor of the brain present at the time of birth. 

Five patients ranging in age from 12 to 44 years had aneurysms of 
the anterior cerebral arteries. 
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In four of the patients who recovered, the exact underlying causes 
could not be determined, but arteriosclerosis was the most probable 
factor. 

COMMENT 

The material has been collected for tlie purpose of demonstrating the 
acute and chronic changes in the central nervous s)'3tem following the 
introduction of blood in the cerebrospinal fluid. 

Cases in which there were meningeal irritations due to a free mixture 
of the blood with the fluid have been selected, and the discussion does not 
include cases in which the patients had large blood clots. . 

The symptoms immediately following the escape of blood into the 
cerebrospinal fluid depend on the amount of blood and ^ry from slight 
headache to severe, pain with con^mlsive seizures and loss of consdous- 
riess.* The most important signs and S}'mptoms in patients with a small 
quantity of blood usuall}'' appear after an interval of a few days and are 
due to the reaction of the meninges. This state is diaracterized by 
headache of a neuralgic t 3 ’pe, delirium, mild elevation in temperature, 
slight increase in pulse rate, postcervical rigidity and a positive Kernig 
sign. These symptoms may gradually subside as the blood is absorbed. 
In adults, complete recovery may take place, but infants presenting the 
early symptoms, if allowed to go untreated, frequently develop rigidity 
of the muscles and epilepsy. If the early symptoms progress, the signs 
of cerebral edema with eridence of marked increase of intracranial 
pressure may appear and may result in death. 

An analysis of the signs and symptoms due to bloody cerebrospinal 
fluid impresses one with the importance of recognizing the condition, 
because the diagnosis in these patients may be confused with that in 
almost any of the common lesions of the brain from meningitis to tumor 
of the brain. In some cases, the disturbaince due to the blood in the 
cerebrospinal fluid must be cleared up before the primary' lesion can be 
diagnosed. 

Treatment depends on the stage of the disease and should be carried 
out with the view of removing the irritating blood and preventing or 
relieving the meningitis. Absorption of some blood alway's takes place, 
but this is associated with meningeal thickening which may cause a block 
in the channels through which the fluid is returned to the blood stream. 
Treatment, therefore, has to do with the drainage of fluid which may be 
accomplished through lumbar puncture or the more radical procedure of 
decompression or even a bone flap. Some of the cases for this paper 
have been selected for the purpose of showing types suitable for the 
various procedures. 

This work has been carried on under the direction of Dr, Adolph 
Meyer. Dr. Robert B. Wright assisted in the study' of the specimens and 
Miss Cecelia Bisson made the illustrations. 



BILATERAL LOBAR ATELECTASIS 

SEPOBT OF A CASE WITH AUTOPSY OBSERVATIONS * 

R. P. BALL M.D. 

CLEVELAND 

This is 3 , report of a. case in which bilateral lobar atelectasis was asso- 
ciated with acute pancreatitis (fat necrosis). The observations made at 
autopsy suggest a probable explanation for the collapse of the lower 
lobes of the lungs. 

REPORT OF A CASE 

A woman, aged 48, who had enjoyed good health until October, 1925, developed 
symptoms of hyperthyroidism. A thyroidectomy was performed on Nov, 28, 
1925 . The gland showed slight hyperplasia. Preceding the operation, the basal 
metabolic rate was plus 56 per cent. In Marcdi, 1926, the basal metabolic rate was 
minus 21 per cent, ^d the patient showed other signs of hypothyroidism includ- 
ing obesity. After this time, thsrroid extract was administered regularly. 

Four months before her final admission to the hospital, the patient had 
intermittent colicky pains in the upper right- quadrant of the abdomen, which were 
diagnosed as "gallbladder attacks.” Three days before admission (Dec. 4/ 1927), 
the patient had a severe persistent pain in the upper right quadrant of the abdomen, 
which became localized in the region of the gallbladder and was accompanied by 
vomiting. The pain was referred to the back and ‘was described by the patient 
as being "between the shoulder blades.” On December 7, the patient had a 
transient cyanosis whidi lasted for fifteen minutes and was characterized by rapid 
respiration and a feeling of impending danger. 

On admission to the hospital, on December 8, the patient had a temperature of 
58 C ; the pulse .rate was 130 and the respiratory rate was 25. Physical exannna- 
tion revealed tenderness in the region of the gallbladder and a questionable tumor- 
like mass which appeared to be an empyema of the gallbladder. The lower lobe 
of the right Inng was thought to he consolidated, and over the lower lobe of the 
left lung were heard numerous moist rales and tubular breathing. A diagnosis 
was made of empyema of the gallbladder with possibly bronchial pneumonia. 
Because of the serious condition of the patient, an exploratory operation was post- 
poned. 

The average white blood cell count while the patient was in the hospital was 
16,000 per cubic millimeter. The red blood cell count was 3,400,000. EighUr-three 
per cent of the white Wood cells were polymorphonudear neutrophils. The urine 
■was acid in reaction; the specific gravi^ -was 10.10, and all specimens showed two 
plus albumin. There was no glycosuria and the microscc^ic eicaminations showed 
the presence of a few pus cells. A liver function test showed 1.2 mg. 

scrum bilirubin. The blood sugar averaged 120 mg. per hundred cubic centimeters. 
Plasma carbon diosdde was 39 and the blood urea, 57. A culture of the sputum 
did not reveal pneumococci. A roentgenogram was reported as unsatisfactory 
(fig. 1), hut because the patient was thought to have pneumonia there was some 
objection to making another roentgenogram. 

On December 21, the abdominal tenderness became more generalized, and 
the abdomen appeared to be more distended than before. An exploratory 


*From the Department of Pathologj-, Cleveland Oinic. 
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laparotomy was therefore performed on the patient without removing her from her 
bed. The operation was done under local anesthesia with procaine hydrochloride 
together with nitrous oxid-oxygen analgesia. An upper right rectus abdominal 
incision was made, and the peritonea] cavity was then exposed. The liver was 
found to be pushed over to the right and numerous adhesions between the 
anterior abdominal wall and the region of the falciform ligament were found. 
Many small, dull white, oval areas were scattered throughout the peritoneal cavity ; 
these were more numerous on the omentum, a condition which is typical of fat 
necrosis. The lesser peritoneal cavity was distended with a pale red, serous 
fluid. An opening was made in order to drain the fluid, and a drain was placed 
in the region of the pancreas. Eight hours later, the patient ceased to breathe. 

Necropsy Report . — ^An autopsy performed one hour post mortem revealed the 
following: The peritoneal cavity contained blood-stained serum and a blood 



Fig. 1. — Bilateral lobar atelectasis ; consolidation of the lower lobes. 


clot. The falciform ligament was 4 cm. to the right of the midstemal line; the 
greater omentum was uniformly distributed over the intestines with the lower 
border at the pelvis. Numerous oval, dull white, discrete areas averaging 10 mm. 
in diameter were scattered throughout the omentum and peritoneal cavit}'; the 
tissue surrounding these areas was not discolored. On account of edema and of 
infiltration of the tissue surrounding the foramen of Winslow which produced 
mechanical obstruction between the two peritoneal cavities, the lesser peritoneal 
cavity did not communicate with the greater cavity. The lesser cavity contained 
about 3,300 cc. of blood-stained serous fluid in which were floating bits of debris. 

When the sternum with the attaching costal cartilages was removed, the 
mediastinum was found in the midline. Both pleural cavities were clean. The 
dome of the diaphragm on the right was at the level of fourth rib, and on the 
left, at the level of the fourth intercostal space. 

The pericardial cavity was dean. The apex of the heart was 10 cm. to the 
left of the midsternal line and at the fifth rib. 


Fig. 2.--Lungs in case of bilateral lobar atelectasis. Note the relatively small 
lower lobes and the sharp line of demarcation of the atelectatic areas. 




Fig. 3. — Pancreas with attached dnodenum in case of acute pancreatitis 
necrosis, associated with bilateral lobar atelectasis. 
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The left lung weighed 300 Gm., the right, 320 Gm. With the left lung in 
situ only a narrow margin of the lower lobe was visible. The upper lobe was 
of a pale bluish-gray cast with dull slate-colored mottling. -The right lung in 
situ was similar to the left lung. The pulmonaiy artery was opened without 
disturbing the organs and was found to be normal. The trachea and the first 
division of the bronchi were opened and were found to be clean. The lower 



Fig. 4. — ^Lobar atelectasis, showing obliteration of the alveolar spaces by 
apposition of the interalveolar walls ; X 160- Note that blood vessels are free 
from thrombi. 

lobe of the left lung was limp, flabby and airless, and its pleural covering was 
clean and glistening except for a small area about 3 bj’ 1 cm. which was cowred 
with a loose fibrous adhesion. The cut surface of the lower lobe was homogeneous 
in appearance. A small amount of blood-stained material was obtained only on 
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continued scraping. The cut surface of die upper lobe was pale pinkish-gray and 
was moist. The right lung was similar to the left except that there was ah 
atelectatic area at the base of the middle lobe which was identical in appearance 
with the lower lobe (fig. 2). 

The pancreas was soft dark reddish-gray; it was friable and of about the same 
appearance throughout. On account of shaggy-lined crypts filled with friable, 
dark gray material, the surface was uneven (fig. 3). 



Fig. 5.-— Lobar atelectasis, showing apposition of many of the 
walls, and the presence of serum and red blood cells in the alveoli; X loO. o c 
a b se nce of thrombi in both arteries and veins. 


The falciform ligament was 4 cm. to the right of the midstemal hne. The 
lower border of the right lobe of the liver was 10 cm. below the rostal ma^ 
in the right midclaricular line. The edges were slightly rounded and the sur 
of the organ was smooth. The cut surface showed normal lobular markings. 
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The serosa of the gallbladder was smooth and clean. The organ was slightly 
ballooned and was filled with dark tenacious bile containing numerous small soft 
yellowish faceted stones averaging 3 mm. in diameter. On squeezing the gall- 
bladder, bile fiow'ed from the ampulla of Vater. 

Microscopic Observations. — Sections through the atelectatic area showed the 
interalveolar wall to be in apposition. Some of the alveoli of the lungs contained 
mononuclear leukoqrtes, serum and red blood cells. The bronchi contained 
mononuclear leukocsrtes. With the exception of the lining cells of the alveoli, 
which were more cuboidal, the alveoli were normal in appearance (figs. 3 to 5). 



Fig. 6. — ^Lobar atelectasis, showing the lining cells of the alveoli have become 
cuboidal or rounded* as the result of contraction of the alveoli; X250. 


There were intact scattered islands of parenchj’ma in the pancreas which 
stained normally. The remaining tissue w'hen -stained presented a neutrophilic 
indistinguishable mass without histologic markings (necrosis). Xo leukocj-tic 
reaction was apparent except for an occasional clump of poljTnorphonuclcar 
leukocytes at the peripheiy’ of the necrotic area (figs. 6 to 8). 

Anatomic Diagnosis (Gross and Microscopic): The following anatomic 
diagnosis was made: (1) Acute pancreatitis (fat necrosis) ; (2) lobar atelectasis, 
bilateral; (3) cholecj'stolithiasis ; (4) hydroperitoneum (ascites); (5) obstruc- 
tion of the foramen of Winslow, and (6) recent laparotomy wound. 
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COMMENT • 

The term atelectasis is used here to denote the condition of the lung 
in a colkpsed state. Although the term atelectasis of the lung is usually 
used to designate the complete or incomplete failure of the lung of the 
new-born to expand, nevertheless, no other term describes collapse of 
the lung of unknown etiology as well, especially when the etiologj' of 
•this condition appears to be a lack of expansion, as shown in the fore- 
going case. 



Fig, 7.— Acute pancreatitis— fat necrosis, showing absence of parenchyma and 
marked polymorphonuclear reaction ; X 160- 


This lesion has never been experimentally reproduced except by 
ligating the bronchi. The use of plugs in a bronchi never produces 
atelectasis unless the bronchi are completely occluded. The severing of 
both phrenic ner^-es does not produce the lesion, nor is it found in many 
cases of paralysis of the diaphragm. An evident factor in the production 
of atelectasis which has not been considered, but which evidently ts 
present, is fixation of the diaphragm. This factor we believe to ha\e 
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been present in the case here reported. Keith ^ has called attention to 
the different factors concerned in the expansion of the upper and lower 
lobes of the lungs. The lower lobe is independent on the excursion of 
the diaphragm and lower intercostal muscles. The upper lobes are 
expanded by the action of the upper intercostals, tlie scaleni and the 
accessory muscles of respiration. It should be noted that paralysis of 
the diaphragm resulting from a lesion of the cord or from severing of 
the phrenic nerves does not prevent the ascent and descent of this 



Fig. 8. — Acute pancreatitis — fat necrosis — , showing the presence of only a 
few parenchymatous cells ; X 


Structure since it is then in a flaccid state and subject to intrapleural and 
intra-abdominal pressures. As in this case, fixation of the diaphragm 
evidently was present, the lesser peritoneal cavity was distended with 
fluid. Though the onset of the illness was evidently due to acute pan- 
creatitis, three days later the patient had a transient cyanosis which is 

1. Keith, cited by Soltau, A.: Massive Pulmonary Collapse. Brit. M. J. 
1:544 (March 21) 1925. 
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typical of collapse of the lung. The roentgenogram taken five days 
after the acute onset of the illness shows what was probably a bilateral 
atelectasis of the lower lobes. 

That the circulation continued through the atelectatic areas was well 
shown by the clean-, glistening pleural surface and also by the well pre- 
served structure of the interior of the lung. This of course would mean 
that a certain percentage of nonaerated blood returned to the left side 
of the heart. In the average patient, this deficient oxygenation of the 
blood would not be serious, but in cases of hyperthyroidism in which 
the oxygen consumption is greatly increased and also in cases of low 
cardiac reserve, this is a serious and sometimes a fatal complication.^ 

It is often stated in reports of cases of postoperative collapse of the 
lung that lobar pneumonia was a probable complication. In this case 
there was no pneumonic process and presumably the lungs in a patient 
of lowering resistance had been in a state of atelectasis for fourteen 
days. Impairment of the circulation in the aelectatic area was not 
sufficient to be evident. 

SUMMARY 

1. A case of bilateral lobar atelectasis in a woman, aged 48, is 
reported, the onset occurring three days after the onset of an acute pan- 
creatitis (fat necrosis). 

2. The observation that the lesser peritoneal cavity was distended 
with serum and the foramen of Winslow mechanically obstructed sug- 
gested the possibility that fixation of the diaphragm was the greatest 
factor in the production of a spontaneous collapse of the lower lobes of 
the lungs. 

3. Collapse of either the upper or the lower lobe might be pro- 
duced experimentally by removing all factors which are concerned in the 
production of the expansion of these lobes in the normal respiratory 
excursion. 

2. Ball, R. P.:„ Lobar Atelectasis Following Thyroidectomy and Lo^ctomy; 
Report of Four Cases with Necropsy Findings, to be published later in ArcJi. 
Path. 



SURGERY OF THE LUNG 

CARE OF THE STUMP IN PNEUMECTOMY AND IN LOBECTOMY* 

MINAS JOANNIDES, M.D. 

Instructor in Surgery, University of Illinois College of Medicine 

CHICAGO 

Surgical treatment of the thorax is not a new field. Written records 
of thoracotomy in empyema and the recognition and drainage of pul- 
monary abscesses can be traced as far back as the time of Hippocrates 
in the fourth century B. C.‘ Hippocrates gave a detailed description of 
the course of pneumonia with the development of empyema and the 
steps of thoracotomy for the drainage of empyema. He recognized the 
development of pulmonaiy suppuration and regarded aspiration as the 
cause of it. After the time of Hippocrates, the subject was neglected 
until the beginning of the sixteenth century A. D., when Schenk, in 
1584,® drew attention to this field. From that time on there were occa- 
sional reports of thoracotomies, and a great impetus was noticed with 
the introduction of methods of inducing artificial respiration by the 
Sauerbruch, the Brauer or the Meltzer technic. From this time on, 
thoracic surgery began its inception as a distinct specialty. In his brief 
but inclusive article, Willy Meyer ® classified various operations on the 
lung that had been devised up to that time under four headings : 

1. A single mass ligature around the bro&bus and its vessels; amputation; 
cauterization of the mucosa of the stumps with pure phenol or the Paquelin cautery. 

2. A single elastic mass ligature around the hilum and the removal of the 
lung at a second procedure ten days later (Lenhartz). 

3. Ligature and division of the main bronchus with the remnant of the lung 
tissue stitched over the stump (Garre). 

4. Isolation and temporary clamping of the bronclius; curetting of the 
bronchus ; tight silk ligature ; a second loose catgut ligature placed more centrally 
around the bronchus (Friedrich). 

Meyer described a method for pneumectomy that he had found 
successful. The steps of his procedure are as follows : ( 1 ) isolation of 

* From the Department of Surgery, University of Illinois College of Medicine 
and Rush Medical College, University of Qiicago. 

1. Hippocrates : E. Littre Edition, 1851. Uepi poivav to Sevrepop, vol. 7, chap- 
ter 44, p. 62, and vol. 7, chapter 57, p. 88; tup iprds vaffSp, vol. 7, chapter 
3, p. 174. 

2. Schenk, quoted by Murphy, J. B.: Surgery of the Lung, J. A. M. A. 31: 
151 (July 23) 1898. 

3. Meyer, Willy: Pneumectomy with the Aid of Differential Air Pressure- 
An Experimental Study, J. A. M. A. 53:1978 (Dec. 11) 1909. 
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the bronchus, (2) clamping and crushing of the bronchus, (3) ligation 
and amputation and (4) burying of the stump and the use of top sutures. 
By using this technic, Meyer encountered only four deaths in twenty- 
one dogs on which total excisions of the lung were performed. 

Other modes of handling the stump were developed from time to 
time. Thus, Halsted^ performed twenty-one consecutive operations, 
and in only one was there primary infection of the pleura. He first 
isolated the bronchus; after bisecting it and removing the mucosa, he 
sutured the flattened edges together and held them with a series of 
sutures around the edges together with interrupted through and through 
sutures which encircled the cartilages. 

Quinby and Morse “ obviated the difficulty of pushing a large crushed 
portion of the main bronchus by treating each of the primary bronchi 
separately with the use of the technic employed by Willy Meyer. 

Giertz ® used a transplant of fascia lata to cover the crushed bronchial 
stump which was first sutured with silk mattress sutures. 

Lilienthal ^ devised an ingenious technic for lobectomy. He applied 
a chain of pedicle suture ligatures and then excised the lung, leaving a 
generous stump. The ligatures were left long and were included in a 
rubber dam pocket, which prevented any of the remaining intrathoracic 
viscera from coming in actual contact with the stump. The rubber dam 
and the ligatures slough out and leave a healthy stump when they are 
removed. 

It will be noticed that in practically all of the procedures mentioned 
little if any attention is paid to the vascular supply of the lung or the 
control of hemorrhage. I agree with Friedrich ® that in surgical treat- 
ment of the lung hemostasis is the least troublesome factor, and that the 
success or failure of the operation depends on making a completely air 
tight stump. A few other factors must always be taken into consid- 
eration in operations on the lung. First, the lung expands and contracts 
with each respiratory movement so that the contig^uous lobes interfere 
and make it necessary that they be packed away with wet gauze so that 
injury will not be produced. At times even a slight puncture with the 
needle or the tip of the knife causes an unnecessary amount of trouble- 


4. Halsted, W. S.: Clinical and Experimental Contribution to the Surgery 
of the Thorax, Tr. Am. Surg. A. 27:119, 1909. 

5. Quinby, W. C, and Morse, G. W.; Experimental Pneumectomy: The 
Application of Data so Obtained to the Surgery of the Human Thorax. Boston 
M. & S. J. 165:121, 1911. 

6. Giertz, K. H.: Ueber extirpation von Lungen und Lungenlappen mit 
Versorgung des Bronchial stump fes durch frei transplantierte Fascia lata, Zen- 


tralbl. f. Chir. 41:1433, 1914. . ^ 

7. Lilienthal, H.: Thoracic Surger>’, Philadelphia, W. B. Saunders Compa j. 

1926. vol. 2, pp. 147-169. inno 

8. Freidrich, P. L.: Thoracic Surgerj*, J. A. M. A. 53:1970 (Dec. 11) 1909. 
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some leakage of air and blood and makes it necessary to suture the lung 
by using either the Sauerbruch, Garre or a purse-string suture. Sucli 
an accident prolongs the operation and produces a greater tendency for 
shock and infection. Another important factor that aids in the success 
or failure of an operation on the lung is the length of time required. 
The quicker the operation is terminated, the better chance the subject 
has for recovery. By a mere thoracotomy the pressure relations of the 
intrathoracic and intra-abdominal organs are suddenly disturbed. In 
spite of the fact that intermittent positive pressure artificial respiration 
is maintained, and thus a stretching of the vessels of the lung provided 
for, as yet provision has not been made for the sudden increase of 
pressure exerted on the heart. Thus, the sudden and profound changes 
that occur in the circulation must be taken into account. I have often 
watched the heart become suddenly slow in rate and irregular in rhythm 
for no apparent reason, and only an injection of epinephrine or hydro- 
chloride ephedrine would relieve this condition. In this case, if tlie 
heart is not stimulated promptly by means of an intracardiac injection 
of the drug, the animal either dies on the table or soon after the opera- 
tion is performed. Another important factor that must alwaj's be con- 
sidered is the sudden change in the temperature of the intrathoracic 
organs as a result of the thoracotomy. This sudden chilling undoubtedly 
has a definite injurious effect and must be prevented as much as possible. 
An important factor, indeed, is the manipulation and exposure of the 
virgin pleural cavity. The pleural surfaces are secretory and, like the 
peritoneal surfaces, any chemical, bacterial or mechanical irritation will 
produce an inflammatory change of a var}dng degree with subsequent 
exudation of serous fluid which has a tendency to change into a fibrinous 
and, later, a fibrous exudate, thus causing adhesions. The peritoneum 
has the same relation to the abdominal cavity as the pleura has to the 
thoracic cavity. It is inconceivable to think that a varying degree of 
pleuritis does not follow a thoracotomy. The most important considera- 
tion in surgical treatment of the lung is the upkeep of the process of oxida- 
tion in the body. I have found that dogs with an open pneumothorax 
do not live longer than ten minutes, at the most, after an intercostal 
opening of from 10 to 12 cm. Meltzer’s insufflation anesthesia, which 
provides for a constant stream of air, is not satisfactorj* because it dis- 
tends the lungs but does not make provision for contraction of the lungs. 
It is necessary that there be an intermittent blast of air so that an inter- 
mittent stretching and relaxing of the vessels of the lung may take place 
and thus the pulmonary circulation be kept up. In a series of experi- 
ments by means of which a sufficient amount of oxygen was supplied, 
a bilateral artery to vein transfusion being used, which was termed cross 
circulation, it was possible to double the length of life in the presence 
of an artificial pneumothorax. In these cases the lung stayed collapsed. 
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SO that after the blood left the systemic circulation and entered the pul- 
monary circulation it encountered considerable resistance. As a result, 
a gradual engorgement in the lung of the recipient and a depletion of blood 
in the animal used as a donor were noticed. Thus, the donor died of an 
acute hemorrhage and the recipient of asphyxia and cardiac collapse. An 
intermittent artificial respiration obviates all this difficulty, because it 
not only supplies the lung with oxygenated air and provides for elimi- 
nation of the carbon dioxide that is formed as a result of respiration^ 
but it provides for the intermittent stretching and relaxing of the capil- 
laries of the lungs that are so important in the welfare of the drculation 
of the blood. 

Another factor of some importance is the disturbance to the vagus 
trunk of its branches as they enter the lung. In lobectomy, such as the 
Meyer type, one necessarily has to disturb the vag^s. Under such con- 
ditions the heart, the circulation and the gastro-intestinal apparatus may 
be disturbed by the abnormal stimulation of the vagus. A factor recently 
was brought to my attention in some experimental lobectomies. In 
prolonged handling of the lung, an acute dilatation of the stomach, which 
proved fatal to the dog, was noticed. The difficulty was traced to a dis- 
turbance in the pillars of the diaphragm.® This disturbance may result 
indirectly through the lungs or directly through injury to the phrenic 
nerve or disturbance of the diaphragm itself. 

With these facts in mind it becomes evident that one must find a 
method which will be simple and can be completed rapidly. It should 
control both the aeration and the vascular supply of the lung. It should 
provide for the avoidance of any unnecessary chilling or drying of the 
intrathoracic organs. I feel that the technic that is proposed here will 
satisfy the majority of these factors. 

PROCEDURE 

After a preliminary shaving of the dog and cleansing of the skin with soap 
and water, the skin is sterilized with tincture of iodine. The animal is now 
covered with sterile sheeting, and only the field of operation is left exposed. An 
incision is now made in the skin parallel to the ribs, and the platysma and latissi- 
nius dorsi are exposed. These muscles are Incised in the direction of their fibers 
and are spread open so that the least amount of injury is caused to the muscles. 
These muscles are later utilized to cover the intercostal incision tightly. The 
intercostal space now comes into view. At this point I make sure that the 
^in^hrine or ephedrine solution is ready for instant use. I also have the 
anesthetist get the apparatus for administering artificial respiration ready. The 
artificial respiration is now started, and a small nick is made down into the chest. 
As soon as the pleura is pierced, one can hear a wheezing. The incision is now 
enlarged by means of the finger or a blunt instrument. At this point artificial 

9. Hedblom, C A., and Joannides, M.: The Relation of the Hiatus Esopha- 
geus to the Stomach. An Important Function of the Pillars of the Diaphragm, 
to be published. 
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respiration is stopped, so that the lung collapses, and in this way it is not tom 
when the intercostal incision is enlarged. This incision is usually made with 
the scissors. As soon as it is felt that a sufficiently large opening has been marfi* 
in the chest, the artificial respiration is resumed and just enough pressure is 
exerted so that the lung expands and fills up the whole cavity of the chest. 

The ribs are now spread apart with a self-retaining retractor, and the lung 
is pulled out by means of tissue forceps without teeth. At this point the artificial 
respiration is stopped again so as to allow the lung to collapse. Then a Kocher 
or Moynihan intestinal clamp with mbber tips is applied to the hilum (fig. 1). 
Just enough pressure is exerted with the clamp to stop the hemorrhage and con- 
trol leakage of air when the lung is cut Only a slight pressure is required for 
this clamping because the pressure in the lesser circulation is low, and the posi- 
tive pressure in the artificial ' respiration apparatus is also low. Care must also 
be taken not to crush the tissues so that they will not slough. Artificial respiration 
is now started again and continued until the chest is closed. 

Gauze moistened in hot saline solution is now used to protect the unexposed 
tissues and at the same time to catch any blood that will run out when the lung 
is cut. An attempt should be made to take out a wedge, and enough lung tissue 
must be left to cover over the stump (fig. 1). The lung should be cut at least 1 cm. 
distal to the compressing clamp. The bronchi are now isolated and ligated. The 
large vessels are also ligated. The suture is now started at the middle of the 
incision. This first suture is tied, but the end is left long so that it can be used 
later. A bite is now taken first on one and then on the other side of the first 
suture in such a way that the two sides of the wedge are brought in apposition. 
When the raw surfaces have all been covered with pleura, the compressing clamp 
is released and at the same time the suture is gently tightened. This maneuver 
accomplishes a double purpose. It allows the cut portions of the lung to become 
approximated more tightly, and at the same time it gives one an opportunity to 
look for leakage of air or blood. If the stump is airtight and watertight, the 
compressing clamp is removed and the chest is closed. If, on the other hand, the 
stump is leaky, the compressing clamp is retightened and additional interrupted 
sutures are used to cover the defect. The clamp is now removed, and the stump 
is left to drop back in the chest. Any blood that has found its way in the chest 
is now removed, and the chest is closed. In some experiments, the phrenic neiv’c 
is cut just before the chest is closed in order to produce a paralysis of the dia- 
phragm and thus reduce that chance for suction through the stump. If the 
phrenic nerve is cut, care must be taken to ligate the pericardiophrenic artery, 
which is intimately attached to the ner\'e. In one case death was caused b.v 
hemorrhage from this vessel. Three fine wires are now used to aid in the 
approximation of the ribs. As they are inserted in the intercostal spaces with a 
number 1 or number 2 cutting needle, the underlying tissues are protected by 
means of a spatula which is placed on the parietal surface of the wall of tlv: 
chest. In addition to the wire sutures, tliree interrupted heaw silk sutures arc 
placed with the wires. The wires are pulled together, and thus the ribs ar- 
approximated. The silk sutures are tied and as soon as it is noticed that wheez- 
ing does not occur with each respiration, the artificial respiration is stopped. The 
overlapping muscles are now approximated and the wound is closed without 
drainage. 

Care must be taken not to handle tlie heart or the pericardium any more 
than is necessarj’, because even the slightest handling has caused definite cardiac 
irregularity in the rhythm. The heart must be watched at all times and as soon 
as any slowing in the rate associated with cyanotic blood is noticed more air must 



Fig. 1. — ^The important steps in the care of the stump. In I, the arrow 
indicates the constricting clamp applied to the root of the lung; 5 shows the 
constricting clamp released and the suture tightened and 6 , the appearance of the 
stump after the final knot is tied. 
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useful in the Irealnienl of toxic abdominal distention, so-called. 
Bartlett.^® too, foimd the emplo^'inenl of a dosage of 1/25 grain (0.002 
Gm.) to give bcnefici,il clTecls. 

Cro.ss =" also advocated the use of the drug clinically combined with 
alternating doses of solution of pituitary, and at the same time gave 
experimental proof of his conviction by suspending a jiorlion of the 
human appendix in Locke's solution and adding eserine and solution 
of pituitary, alternately. A stimulative effect is observed that is greatly 



Fig. S (O. P. 34). — Record for dog ohstruclc'd for 165 liotir.s. The top 
tracing shows a normal record; the second shows the effect of 0.025 cc. of 
pituitary fluid given intravenously. The third reveals that a repetition of tlie 
same dose docs not produce any effect. 



Fig. 6 (O. P. 36). — Record for dog obstructed for fortj'-e-’ght hours. The 
normal tracing was for twenty minutes with maximum pressure of 32 cm. of 
water. The second tracing shows the effect of 0.5 cc. of oxj’tocin given intra- 
venously, and the third of 0.4 cc. given intravenously twenty minutes later. 
The pressure was 5 cm. of water. 

augmented by the addition of the second drug, no matter whether the 
eserine or the solution of pituitary is first employed. 

28. Bartlett: After-Treatment of Surgdcal Patients, St. Louis, C V. Mosby 
Company, 1918, p. 128. 

29. Cross: Brit. M. J. 1:9, 1924. 




THE DEVELOPMENT OF BONE 


(a) the process of development in jjones of different types; 
(b) normal physiologic calcification of the matrix 

IN CARTILAGE AND IN BONE; (c) THE PROBLEM OF 
THE MANNER OF DEPOSITION OF THE 
CALCIUM SALTS 

JAMES CRAWFORD WATT, M.D. 

Associate Professor of Anatomy, University of Toronto 
TORONTO 

In the studies here recounted, three different aspects of the problems 
involved in the development of bone arc discussed, as indicated in the 
title. All three studies are closely interwoven and cannot be considered 
separately without much needless repetition and reduplication. Con- 
sideration is given each aspect in its proper relation to various portions 
of the work to be described, and they must be considered collectively for 
a proper elucidation of the problems discussed and for an interpretation 
of the results of the work whidi lias been accomplished. 

The process of the transport of calcium salts in the body and their 
deposition in bone have already been discussed in previous papers. 
But a much more thorough, detailed and minute study has now been 
made of the process of calcification of the cartilaginous and bony matrix 
of the skeleton, and the results obtained are embodied in this paper. It 
is to be remembered always that this calcification is a normal, physiologic 
process, and the conclusions arrived at by its study are far different 
from those derived from an examination of the pathologic process of 
calcification in various other tissues. A discussion of my views on the 
pathologic process is contained in a paper recently published,^ showing 
that calcification in this case is a physical process of precipitation into 
dead or injured tissues and is not a function of the tissue cells. On the 
contrary, in the development and growth of the skeleton it will be 
shown that calcification is a function of the living cells and is dependent 
on their activity for its occurrence. 

MATERIAL 

Bones in process of ossification were examined in their earliest stages by means 
of serial sectioiu of young human embryos aged from 6 to 12 weeks. Formation 
of bone both in cartilage and in membrane was conveniently followed here, 
especially in the skull, without decalcifying. 

Later stages were obtained by sectioning the humerus, radius, ulna, ribs and 
parietal bones from human fetuses of various ages from 4 to '9 months, and also 


1. IVatt, J. C. . Deposition of Calcium Salts in Areas of Calcification Arch 
Surg. 15:89 (July) 1927. ' ’ 
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The dose that we have administered was either 1/50 or 1/150 
grain (0.001 or 0.0004), given for the most part intramuscularly. The 
only intravenous injections were made when 1/150 grain was used, 
all of which resulted in a definite increase in the intestinal motility 
except on one occasion when only a slight stimulative effect was noted. 
Following the intramuscular injections of 1/50 grain, there was a 
period of fifteen minutes, corresponding to the period of absorption, 
during which the intestines pursued their usual activity. A gradual 
rise in the intra-intestinal pressure then occurred, with subsequent 
abrupt increments, followed by a drop that was less in extent than 
the preceding rise until the pressure reached well above 100 cm. of 
water. This is much greater than is experienced in animals that have 
not been subjected to such stimulation, when it is. rare to encounter 
a pressure greater than 50 cm. This period of increased intestinal 
motility continues for at least thirty minutes and may last an hour 
or even longer, though the usual duration is forty-five minutes. As 



Fig. 7 (O. P. 36). — ^Record for dog obstructed for fifty-two hours. The 
normal motor activity is shown at the beginning of the second' tracing when 
the pressure maximum is 30 cm. of water. After 025 cc. of vasopressin was 
injected intravenously there was little activity and none during the third 
tracing. The pressure was from 4 to 6 cm. 


Table 2. — Effect of Eserine Sulphate on Intra-intestinal Pressure During 
Obstruction of the Small Boivel 


Dog 

« , 


Serial Hours Ob- 
Xamt>cr structed 

Drug 

Quantity, 

Grain 

OP 27 

23 

Eserine 

1/30 

OP 27 

31 

Eserine 

1/150 

OP 27 

Sltg 

Eserine 

1/160 

OP 32 

32 

Eserine 

1/130 

OP 27 

30 

Eserine 

1/160 

OP 27 

33 

Eserine 

1/30 

OP 27 

73 

Eserine 

1/50 

OP 27 

m 

Eserine 

1/50 

OP 27 

13S 

Eserine 

1/50 

OP 28 

23 

Eserine 

1/50 

OP 22 

mi 

Eserine 

1/50 

OP S3 

92 

Eserine 

1/30 

OP 31 

II 

Eserine 

1/30 


Maximal 



Intra-intestinal 

Duration 


Pressure, Cm. Water 

ol 

Mctliod of 

, »- 

■■ 

EITcct. 

Injection 

IBctore 

Alter 

Minutes 

Intramuscularly 

2-4 

100-i- 

S+ 

Intravenously 

C 

0-8 

10 

Intravenously 

0-8 

28 

10 

Intramuseularly 

0-8 

42 

15 

Intravenondy 

10-12 

100 

30 

Intramuscularly 

8-10 

03 

40 

Intromuseularly 

2-6 

103 

SO 

Intramuscularly 

10 

SO 

40 

Intramuseularly 

0-8 

114 

15+ 

Intramuscularly 

24 

28 

so 

Intramuscularly 

0-8 

32 

SOI- 

Intramuseularly 

44 

CO 

CO 

Intramusculariy 

0-8 

38 

70 
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similar specimens from young rats, some of which were new-born. For short 
and irregular sliaped bones the tarsal bones of human fetuses aged from 6 to 9 
months and those of children up to one month after birth were used, the navicular, 
cuboid, talus and calcaneus of one indnudual forming a set of four different stages 
valuable for comparisons. In these bones, ossification occurs as follows: the 
calcaneus in the sixth month, the talus in the seventh and the cuboid in the ninth 
month of intra-uterinc life, and the navicular long after birth, usually in the fourth 
j'car. 

TECHNIC 

For the earliest stages small embryos were cut as a whole, while only the 
skulls of larger ones were used. For later stages, long bones were cut across 
the shaft so as to obtain about 5 mm. of bony shaft along with the cartilaginous 
epiphyses. Such a specimen was then split longitudinally and contained mutltered 
cartilage, calcified cartilage and newly formed bone in serial order in the section. 
Parietal bones were sectioned both transversely and tangentially. Tarsal bones 
were sectioned in tlieir long axis, some of them serially. 

All specimens were preserved in formaldeh}rde saline solutions and were sec- 
tioned without decalcifying so as to preserve calcium deposits intact. Duplicate 
specimens of some, were decalcified to provide for ordinary histologic examination. 
All parts of the specimens remained intact on sectioning except for the liard, fully 
ossified shafts of long bones or the large ossified centers of some tarsal bones, 
which either broke somewhat or else sli^tly separated from the rest of the 
specimens at the line of junction with the calcified cartilage. Sections were cut 
10 microns thick when possible, but wlien cutting was difficult they were made 
slightly thicker. 

It is to be noted that there is a distinct difference in consistency between calcified 
cartilage and bone. Bone can be cut only with great difficulty, and only small 
areas of it can be gone through by the microtome knife without spoiling the 
sections and without danger of serious injury to the knife. Calcified cartilage is 
much softer and can be sectioned fairly easily. 

In e\'ery case some sections were left unstained for both light and dark-field 
examinations, while other sections of eadi specimen were stained with hematoxylin 
and eosin and some with Mallory’s triple stain. 

I. PHYSIOLOGIC CALCIFICATION OF 'CARTILAGE PRECEDING 

OSSIFICATION 

Preliminary to the occurrence of ossification in the skeleton there 
is a primarj', rapid and transitory process of calcification in the cartilage 
about to be changed into bone. This process will be described in 
several different locations, and as it is best seen in the long bones formed 
in cartilage the conditions here will be first described. 

Calcification of Cartilage in Shaft of Long Bones . — At the time when 
the budding blood vessels carr^'ing osteoblasts with them invade the 
cartilaginous shaft of the future long bone in order to initiate ossification, 
the cartilage is seen to exhibit several well marked zones displaying 
different characteristics. These areas will be enumerated in order, 
passing toward the center of ossification. 

At the extremities of the future bone (fig. 1, plate I), the cartilage 
cells are small and deeply stained and lie in a dense matrix which also 
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might be reasonably expected, the smaller doses have a corrcsjjondingly 
shorter period of effeclivily. The figures followed by a plus sign in 
table 2 under the heading “Duration of ElTcct” do not represent the 
true period of action in all probability. At these times cither another 
counteracting drug was injected, or the tracings and observations were 
discontinued. 



Pig. 8.— Fresh longitudinal sections of dog’s intestine cut from a normal 
animal under amytal anesthesia. The uppermost tracing shows the effect 
of 0.05, 0.2 and 5 cc. of pituitar}* fluid; the middle tracing shows the effect 
of 0.1 and 2 cc. and the lowcstl tracing shows the effect of 02 and 1 cc. 



I*lg. 9. — Effect of 0.5, 1 and 2 cc. of pituitary fluid in longitudinally suspended 
portions of a dog’s intestine that had been obstructed 100 hours. 


Corresponding to the solutions of pituitary there are also definite 
constitutional or general systemic responses. The chief of these is a 
twitching of peripheral skeletal muscle. This effect, in some instances, 
is violent. The other obvious physiologic responses were contraction 
of the pupil, salivation, slowing of the pulse and occasional vomiting. 
On two occasions pituitary fluid was given before the injection of 
eserine. In these instances, the muscle twitchings were much less 
and the intestinal motility not so violent and more normal in type. 
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stains well. Next to this lie zones in which the cells become progressively- 
larger and more irregular in disposition and in which the staining of the 
matrix becomes paler. 

Succeeding this, there is an area of transition terminating in the 
zone in which the enlarged cartilage cells lie close together in large 
lacunae arranged in columns. Between the cells of a column lie thin 
trabeculae of cartilage, while between contiguous columns lie heavy 
trabeculae of matrix. The cells of this area stain irregularly, and many 
appear to be degenerating and dying as the line of newly forming l)one 
is approached. The matrix of this zone is heavily calcified and .stains 
deeply with hematoxylin. 

The final area seen in the specimen is one containing the primary 
marrow spaces with large blood vascular -sinuses separated by tralicculac 
of calcified cartilage. On the latter, spicules of new bone arc being 
deposited by the osteoblasts which were brought in with the blood 
vessels and now line the surface of the trabeculae. 

On examining the calcium deposited in such a specimen as that 
described, one finds that in the Ixmy spicules it is finely granular and 
requires fairly high magnification to reveal its nature. The cartilage 
trabeculae on which bone is being formed and the area of calcified 
cartilage immediately in advance of the line of ossification both exhibit 
a dense impregnation with calcium salts in the form of much coarser 
granules, which are all contained within the matrix. An interesting point 
in this connection is that around each lacuna there seems to be a thin 
layer of matrix which might be interpreted as the capsule for the 
cartilage cell, and this capsule does not contain visible calcium salts. 
The clear wall which is thus formed around each space is quite 
noticeable. 

If sts^es previous to the occurrence of the center of ossification 
are examined, the processes which terminate in the calcification of the 
cartilage may be followed from their beginning. The earliest appearance 
of a change in the normal cartilage consists of two elements, first an 
increase in the size of the cartilage cells, and second, a matrix which 
becomes pale and no longer stains well. 

Marking the next stage the cartilage cells arrange themselves in 
groups, and between contiguous groups the amount of matrix is fairly 
hea\y and forms a substantial, branching, trabecular network. This 
matrix is darker again, staining fairly deeply, and indicates the areas 
which in later stages become most heavily calcified. These are destined 
to be the supporting trabecular network of calcified cartilage which is 
not eroded during the process of ossification but which remains as a sort 
of scaffolding on which newly forming bone is deposited in the ossify- 
ing area. 



1010 


ARCHIVES OF SURGERY 


HYPERTONIC SODIUM CHLORIDE 

Among the first investigators to emphasize the valufe of sodium 
chloride in intestinal obstruction were Hartwell and Hoguet.®® These 
workers found that the giA'ing of physiologic sodium chloride solution 
to dogs with duodenal obstruction increased their life from a few 
days to about three Aveeks. In 1920, MacCallum and others also noted 
that a large supply of clilorides prevented the symptoms of pyloric 
obstruction and restored the plasma clilorides to their proper level. 
Haden and Orr®® were the first to investigate in detail the changes 
in the blood chemistry, Avhich thej' found Avere 'most marked in high 
intestinal obstruction. To dogs they gave 50 cc. of a 10 per cent 
solution of sodium chloride with good results, but had animals live 
twenty-one and twent 3 '-eight days when they gave 500 cc. of a 0.85 
per cent solution daily. . In one instance, the animal died soon after 



Fig. 10’ (O. P.' 27) .-^Record for dog obstructed for seventy-six hours. The 
arroAv on the upper tracing shows the effect of grain (0.0013 Gm.)’ of 
eserine sulphate given intramuscularly. Note the intestinal activity after fifteen 
minutes and still present at the end of the tracing, thirty-five minutes. The 
intra-intestinal pressure reached a maximum of 106 cm. of water. 

an injection of a 25 per cent solution. Hughson and Scarff®® u'ere 
able to shoAv experimentally that hypertonic salt solution not only 
preA'ents absorption from the intestine but also stimulates peristalsis, 
while its use in tA\'0 clinical cases of paralytic ileus proA'ed a great 
success after pituitary liad failed completely. Ross,®^ also, both experi- 

30. Hartwell, J. A., and Hoguet, J. P.: E.xperimental Intestinal Obstruction 
in Dogs with Especial Reference to the Cause of Death and the Treatment by 
Large Amounts of Normal Saline Solution, J. A. M. A. 59:82 (Julj' 13) 1912. 

31. MacCallum, Linty, Vermilego, Lyett and Boas; Bull. Johns Hopkins 
Hosp. 31:1, 1920. 

32. Haden and Orr: Bull. Johns Hopkins Hosp, 24:26, 1923; J. Exper. Jfed. 
38:55. 1923: Surg. Gyncc. Obst. 37:465, 1923. 

33. Hughson and Scarff: Bull. Johns Hopkins Hosp, 35:197, 1924. 

34. Ross : Canad. M. A. J. 16:241, 1926. 
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Plate I 

Fig. 1. — Longitudinal section of the phalanges of the finger of a seven months 
human fetus, showing developing bone in the shaft; X 8. 

Fig. 2. — ^Longitudinal section of the upper end of the humerus in a seven months 
human fetus. Note the numerous blood vessels in the* cartilage forming the 
epiphysis, in which ossification does not commence until several months after 
birth ; X 8. 

Fig. 3. — ^Longitudinal section of the elbow joint of a seven months human fetus. 
Blood vessels are numerous in the cartilaginous ends of the bones, which do not 
ossify until years after birth; X 8. ' 

All the illustrations are from photographs of specimens stained with hematoxylin 
and eosin except figure 10, in which the stain used was silver nitrate. The arrow, 
when used, points toward the center of the bone. In all the figures, A.C. indicates 
altered cartilage; B.T,, bone trabecula; B.V., blood vessel; C.C., cartilage cell; 
C.C.T., calcified cartilage trabecula; C.O., center of ossification; G.D., granular 
deposit of calcium salts; L., lacuna; L.U.T., large, uncalcified trabecula; L.JV., 
lacunar wall free from granular deposit; M., matrix; P., periosteum; PM.C., 
primary marrow cavity; S.T., stained trabecula and U.C., unaltered cartilage. 
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mentally and clinically found hypertonic saline a great intestinal 
stimulant. Coleman, '■‘® in a review of his ca.ses, found that the giving 
of 3 quarts of a 3 per cent solution reduced the mortality from 50 
to 11.1 per cent. 

In our studies we gave intravenously either 5 or 10 cc. of a 25 
per cent solution. In all but one instance, we found a stimulative 
response. Generally, not only is there a rise in the intestinal lone, 
as is shown by an increase in the average rise of the intra-intestinal 


oTir 

7,f 


Fig. 11 (O. P. 27).— Record for dog obstructed for 132 hours, showing 
the effect of Ifm grain (0.0013 Gm.) of cscrinc sulphate given intratnusculnrly. 
The intra-intestinal pressure had reached 114 cm. of water, when 1. cc. of pitui- 
tary fluid was given intravenously. Note the marked cessation of movement 
and the fall .in pressure. 



Fig. 12 (O. P. 34).— Record for dog obstructed for seventy-eight hours. 
The upper tracing shows a late effect (30 to 50 minutes) after 1 cc. of pituitary 
prepared by Park, Davis G)mpany was injected. The lower tracing shows 
the effect of %o grain (0.0013 Gm.) of eserine intramuscularly in the 
dog fifteen mmutes later. Note that the muscular activity is not so great as 
usually occurs after administration of eserine. 


pressure, but the maximum levels are well above the normal. The 
duration of activity is generally about from twenty to thirty minutes. 
The motor activity is not so violent as after the administration ,of 


35. Coleman, R P.: Use of Hypertonic Saline Solution in Acute Intestinal 
Obstruction, J. A. M. A. 88:1060 (April 2) 1927. 






u.c. 
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Table 3. — Effect of Hy/vrtonic Sodium Chloride on Intra-Intestinttl Pressure 
During Obstruction of the Small Bowel 


Dos 

<1 Sodium 
Chloride. 

Quan- 

tity, 


Maximal Intra-Intestinnl 

Serial 

Hours 

Method of 

Pressure, Cm. Water 

Duration 
of Effect, 

Number 

Obstructed per Cent 

Cc. 

Injection 

Before 

After 

Minutes 

OP 2# 

48 

23 

5 

Intravenously 

11-16 

28 

10 

OP27 

49 

23 

5 

Intravenously 

6 

18 

20 

OP 2 r 

13C 

23 

10 

Intravenously 

2-4 

10 

30 

OP 28 

7 

23 

10 

Intravenously 

2-1 

2-1 


OP 28 

29 

25 

10 

Intravenously 

2-1 

26 

io 

OP 29 

22 

25 

10 

Intravenously 

2-4 

32 

20 

OP 33 

77 

23 

10 

Intravenously 

2-4 

51 

23 

OP 33 

96 

23 > 

10 

Intravenously 

30 

30 

30 

OP 31 

106 

25 • 

10 

Intravenously 

10 

70 

30 

OP 31 

187 

23 

10 

Intravenously 

5-6 

68 

23-i- 


eserine, and the type of graph has the appearance of an increase in 
the normal rather than the changed character to the tracing obtained 
from eserine. In other words, the same rhythmic activity is found 



Fig. 13 (O. P. 34). — Record for dog obstructed for 120 hours, showing the 
stimulative action of 10 cc. of 25 per cent sodium chloride intravenously. The 
intra-intestinal pressure rose to 57 cm. of water. The lower tracing shows the 
result of giving 1 cc. pituitarj' fluid. 

» 

after hj-pertonic saline is given as is found normally, except that 
the maximum change in pressure is greater than normal. 

Ergotamine and pilocarpine were also given, and though each 
appeared to have a slight stimulative action, the extent of the response 
usually was not greater than the normal. 

COMMENT 

We have already enumerated the chief methods that are employed 
to investigate the intestinal motor response to tohous drugs, extracts 
and other therapeutic agents. In each it is easy to find when error is 
introduced, so that the emplo}Tnent of a new method, even though 
it does introduce new difficulties, is more or less justified so long as 
it overcomes some of the old pitfalls. And not only may it enable 
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Even before there is any visible deposit of calcium salts, the matrix 
of this trabecular network stains more deeply than the adjacent cartilage. 
The beginning of calcification in this re^on can be seen, and occurs as 
a deposition of small granules which appear first around the periphery 
of the lacunae of the cartilage cells. The thin layer of matrix forming 
the actual capsular wall of the lacunae is always clear of granules. The 
deposit increases and spreads in die matrix until the latter is completely 
filled with closely packed granules, which become almost a solid mass. 

Calcification of Cartilage in Epiphyses of Long Bones. — ^The calcifi- 
cation of the cartilage of an epiphysis and its later ossification are 
initiated in the center of the mass. Before its appearance blood vessels 
are found in the epiphysis (figs. 2 and 3, plate I), invading it from 
various surfaces and branching within it so as to enclose a small central 
area within which are initated all the changes terminating in its con- 
version into bone. Included among the vessels are some which penetrate 
the epiphyseal plate and enter the epiphysis from the end of the shaft of 
the bone. In all respects the epiphysis develops as though it were an 
independent bone, and the process is exactly similar to that found in 
the short, irregular bones such as the tarsals and carpals next described, 
so that the epiphyses should evidently be included in this next class. 

Calcification of Cartilage in Short, Irregular Bones. — ^In the epiph- 
yses of the long bones and in such bones as the carpals and the tarsals, 
there are some interesting differences from the process of development 
seen in the shaft of the long bone. The navicular, cuboid, talus and 
calcaneus of older fetuses and new-born children provide particularly 
good specimens for examination, giving all stages from solid, unchanged 
cartilage to complete calcification and the formation of true bone. 

In these cases it was learned that blood vessels enter the cartilage 
and ramify in it for long periods, sometimes for many months (fig. 4. 
plate II), before the changes begin which accomplish ossification. In 
spite of their presence, the cartilage remains unchanged. The vessels 
enter from all surfaces except those articulating with other elements of 
the skeleton and penetrate to a zone about midway to the center, where 
they branch and run parallel to the surface, anastomosing freely. This 
vascular zone thus surrounds a solid central core of cartilage, the sur- 
face of which in contact with the vessels will be the exact external 
surface of the future calcified center of the developing bone. 

Some time before the center of ossification is due to appear, changes 
occur in the cartilage preparatory in character to this event. There is 
first noticed a marked augmentation in the size of the cartilage cells in 
the region of the vessels and just proximal to them toward the center 
of the mass. Accompanying this change is a great increase in the 
amount of matrix between cells, and this matrix stains poorly and is pale. 
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us to get new ideas and conceptions about an old and long studied 
condition, but it may also serve to show how remedial agents affect 
that condition when their action is investigated in a new light. There-' 
fore, the introduction of a new method of study, we feel, is justified 
in order that its efficacy may be tested and the results of previous studies 
confirmed or disproved. 

In the main, this means of determining the action of various drugs 
on intestinal musculature does away with those difficulties that arise 
in the experiments on isolated muscles, such as temperature, acid-base 
equilibrium and nutritional factors. The drug that is added to the 
medium in which the isolated slip of muscle is suspended comes in 
contact with the muscle through a different path from that which 
approaches it through the blood stream. There is no interference with 
any of the local or general nen’ous mechanisms, while all those systems 
and stnictures such as blood pressure, through which a drug may 
exert its influence primarily or secondarily, are intact. In a moderate 
degree, too, a measure of the degree of the activity of a drug or extract 
may be gaged by its influence on the intra-i'ntestinal pressure- which is 
afforded a constant graphic representation. A repeated number- of 
observations can also be made on the same animal. Of course, it must 
be borne in mind that each experiment is made on a dog that is in 
a pathologic state which each day becomes more severe, leading to a 
lowered resistance, gross changes in the blood chemistry and. probable 
metabolic disturbances. These are comparable, however, to the same 
conditions that exist in human beings when the need for intestinal 
stimulants is paramount. So that the measures employed to prepare 
the animal for experimental purposes, and the early and late sequelae 
that result therefrom, do not introduce so great a degree of error as 
they would appear to do at first. A further point to be considered 
when comparing experiments on isolated tissue with those on the intact 
animal is that in the latter case the normal channels are present which 
influence the destruction or excretion of the drug. 

A final interesting observation noted during these studies was the 
cause of death in one dog that was given repeated doses of eserine. 
While, for the most part, the animals would die from a complicating 
peritonitis resulting from a leak about the apparatus, in this dog, which 
received large and repeated doses of eserine that raised the intra- 
intestinal pressure greatly above what it would have been had this 
drug not been employed, the cause of death was from a perforation 
of the intestine. In this animal the small intestine was greatly distended 
for nmy inches above the site of obstruction; the antimesenteric border 
exhibited large diamond-shaped ea:hymotic areas, ulceration of the 
mucous membrane and a fair sized perforation. A similar condition 
was not found in those animals to which eserine was not given. Indeed, 
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Imniediatel)' internal to the level of the blood vessels the cartilage 
cells now become irregularly grouped, not in columns as in the long 
bones but in clumps and small masses. Between these occur strips of 
matrix which do not contain cells, and which branch and intercommuni- 
cate and are destined to form the persisting cartilaginous network of 
trabeculae on which in later stages the first bone will be deposited. 
These trabecular areas give early indication of their future destiny 
(fig, 4, plate II; fig. 7, plate III, and fig, 10, plate IV) by staining 
more deeply than the remainder of the matrix and by being the first 
portion of the cartilage to become calcified. In later stages of develop- 
ment, it was quite noticeable that this intermediate trabecular zone 
adjacent to the blood vessels was completely calcified (figs. 5, 6 and 8), 
while the center of the mass still contained little if any calcium. Sections 
of a bone at this stage showed that there was a central region not yet 
calcified surrounded by a completely calcified layer; this again was 
surrounded b}' a ring of blood vessels and finally by a zone of unaltered 
cartilage on the exterior. 

The first appearance of the deposition of calcium in these cartilages 
in eveiy case was in the form of fine granules (fig. 11, plate IV) deeply 
stained with hematox)'Hn, lying in the matrix immediately outside the cap- 
sule of the cartilage cells, and ahvays occurring first arouncf those 
enlarged cells lying closest to the blood vessels. The primary zone of 
caldfication is thus in the area of enlarged cartilage cells just internal or 
proximal to the blood vessels, and fonns the calcified surface of a sphere 
(figs. 5 and 6, plate II), the center of which gradually calcifies later. 
This condition was extremely well shown in one talus which to the naked 
e^'e appeared completely calcified except for a thin external shell of 
unchanged cartilage, and which cut with some difficulty with the knife. 
In this specimen it was found, however, that cartilaginous trabeculae 
in the center of the area contained little if any calcium, although this was 
a later stage in caldfication and the region was invaded by blood vessels 
and was full of primary marrow cavities, with beginning ossification of 
the area. 

Blood vessels do not invade the central portion of the cartilage until 
it begins to caldfy, but when once this process has taken place they 
erode and penetrate the periphery of the calcified mass (figs. 5 and 6, 
plate II) at various places and expand and anastomose within it, eroding 
large portions to form the primary marrow cavities. These are formed 
simultaneously with the occurrence of true ossification, which is now 
initiated with the deposition of bone by the osteoblasts on those calcified 
cartilaginous trabeculae which are not eroded. From this point onward, 
ossification advances toward the surface of the bone by growth on the 
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it is a rare occurrence in those dogs that die from simple intestinal 
obstruction to find at autopsy a perforation of the intestine at the 
antimesenteric border. 

In discussing the results obtained from the use of pituitary fluid 
and pituitrin, we must admit that we found these different from what 
we had expected, though on more careful examination of the literature, 
not unlike those which other investigators had reported. When one 
observes in one place that solution of pituitary is a stimulant of smooth 
muscle and in another that it relaxes a suspended slip of small intestine, 
the only conclusion to be drawn is tliat either a different extract was 
employed in each case or the methods of observation introduced 
differences that in the end resulted in different conclusions. So far as 
the action of the extract on the isolated muscle is concerned, a great 
deal has been done to show the error that is introduced by depressor 
substances common to many tissue extracts, and also preservatives 
employed in the commercial products. Changes in the Ph of the bath 
as a cause of relaxation of strips of intestine have recently been 
emphasized by Gruber.®® 

The constancy of results that we liave obtained, however, associated 
with the constant constitutional effects tliat have followed tlie giving 
of pituitary fluid, intramuscularly and intravenously, convinces us that 
they are true. Special precautions were taken to free the powder from 
which the fluid was made of all depressor substances, and a preservative 
was not added. 

A word or two must be said about the change in the intra-intestinal 
pressure that is shown in table 1 under maximal pressures before and 
after injection. As a general rule, it is seen that the pressure in the 
column headed "Before” shows a greater pressure than that headed 
"After.” The interpretation of this is that just before the injection 
of the pituitary fluid a period of increased intestinal pressure occurred, 
while after the injection the pressure fell off, and the intestine was 
apparently inactive until the effects of the extract had worn off. In 
some other instances, the pressure before the injection is not greater 
than after it. In these cases the intestine was apparently inactive 
for the few minutes immediately preceding the giving of the pituitary 
fluid, and no stimulation resulted with the exception of a continuation 
of inactivity and generally a falling off of the tone. Occasionally, a 
great degree of pressure is noted just before the injection. In these 
instances eserine had been given, and while it was still active, pituitary 
fluid was administered, which resulted in an abrupt fall of pressure. 

So far as we could determine, there was no change in the degree of 
activity of the intestinal musculature following injections of pituitary 


36. Gruber: J. Pharmacol. & Exper. Therap. 30:73, 1926. 
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Plate II 

Fig. 4. — ^Horizontal section of a cuboid in a seven months human fetus. This 
bone ossifies in the ninth month but already there is a pale central area sur- 
rounded by one containing a network of darkly stained trabeculae lying just 
within the zone of blood vessels ; X 8. 

Figs. 5 and 6. — Sections of the talus (astragalus) of a seven months human 
fetus. The center of ossification occurs in this bone in the seventh month and 
is shown in the illustrations. It is really the center of calcification of the cartilage 
at this stage, and true ossification is just beginning to occur in it, coincident with 
its penetration by the blood vessels which are shown entering it; X8. 
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fluid so far as a relationship to the duration of the obstruction was 
concerned. The response in a dog in which obstruction for forty-eight 
hours was produced was the same as that in one obstructed six or seven 
days. In the same way, when a terminal peritonitis set in, a change in 
the usual response could not be observed. 

The changes in the intra-intestinal pressure were observed for from 
one to two hours after the giving of the pituitary fluid. After from 
thirty to forty-five minutes, the changes in the pulse rate and the 
d^ree of pallor of the mucous membranes would have returned to 
normal. The rhythmic intestinal activity would also ensue in from 
twenty to forty minutes as a general rule, but a degree of activity or 
a rise in the intra-intestinal pressure that was greater than it had been 
before the administration of the pituitary fluid was never observed. 

It must be stated that we have no record of the action of the solution 
of pituitary on the large bowel, nor liave we any for the experiments on 
the isolated intestine. It is just possible that there might be a somewhat 
different response in this portion of the intestinal canal which would 
account for the defecation observed by some investigators following the 
injectioir of solution of pituitary. 

An exact explanation of how this tissue fluid acts on the intestinal 
canal to bring about the results just stated is rather difficult. It would 
appear reasonable, however, to assume that, as the action of pituitary 
fluid on the isolated slip of intestine was no stimulation, a fall in tone 
or a cessation of rhythmic movements, while in the animal there was 
always a cessation of movement without exception, probably besides a 
possible direct action on the muscle itself ; there \vns also a second factor, 
possibly the anemia of the wall of the bowel due to a vasoconstriction, 
or some other secondary effect. 

While the use of pituitary solution is strongly advocated in all 
cases of intestinal paresis, it has by no means a constant and adequate 
therapeutic value. The opinion of various clinicians might vary so far 
as this point is concerned, but in the light of our studies, we should 
not expect a return of or an increase in the peristaltic activity follow- 
ing the use of the pituitary fluid we have employed. 

In our experience, eserine was the most effective intestinal stimu- 
lant. Both in the response of isolated intestinal muscle to this drug 
and in all instances in which a sufficient dosage was given to the living 
animal, there was observed, as was previously stated, not only a rise in 
the tone of the bowd, but also a great increase in the d^ree of motor 
activity. 

Hypertonic sodium chloride, too, would appear to increase the intes- 
tinal motor function. We are unable to state whether the extent of 
this action is greater when the blood chlorides have fallen to bdow 
normal, but we do fed that the stimulative power is greater late in the 
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obstruction. Reference should be made here to the work of Haden 
and Orr,®* who stated that ligation of the dog’s ileum at the ileocecal 
valve is followed by little increase in the nonprotein nitrogen of the 
blood, no change in the blood .chlorides* and carbon dioxide combining 
power of the plasma. This being the case, then, the value and efficacy 
of hypertonic sodium chloride as an intestinal stimulant would not bear 
any relation to the percentage composition of the chlorides in the blood. 

SUMMARY 

1. A method of recording the movements of the small intestine and 
the degree of intra-intestinal pressure in simple intestinal obstruction 
in dogs is described. 

2. The effect of various solutions of pituitary and certain drugs on 
the movements of the small intestine and the intra-intestinal pressure 
in obstruction is recorded. 

3. The action of pituitary fluid, pituitary, vasopressin and oxytocin 
on the obstructed intestine would appear to be one of depression and 
slight relaxation, though the general or other systemic effects induced 
by these extracts may vaiy considerably. 

4. On the isolated portion of dog’s intestine, whether from normal 
or obstructed bowel, the effects of pituitary fluid and pituitary are those 
of relaxation if any change occurs. 

5. In the dog with intestinal obstruction, intramuscular injections of 
eserine in adequate amount have a decided stimulative action on the 
small intestine. The rise in the intra-intestinal pressure is also great 
and may measure more than 100 cm. of water. 

6. The value of h)rpertonic sodium chloride as an activator of 
peristalsis is proved experimentally. 


37. Haden and Orr: J. Exper. Med. 37:365, 1923. 
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peripher}' of this central mass in the same way tliat it extends toward 
the ends of a long bone. 

It will be seen that in all essential features calcification and ossifi- 
cation follow the same process in bones such as the tarsals as that 
followed in. the long bones. The noticeable differences shown in the 
tarsal bones are : first, the early presence of blood vessels in the cartilage, 
long before the appearance of the centers of calcification and ossification ; 
second, the appearance of calcium in the matrix at several places simul- 
taneously to mark out a periphery for the region in which the alterations 
are occurring; third, the lateness of the occurrence of budding of the 
blood vessels and their formation of primary marrow cavities in the 
mass; fourth, the reversal of the direction of growth of the calcified 
area, which grows toward the entering blood vessels and not away 
from them as in the long bones. 

Calcification of Cartilage in Bones of the Skull . — ^The development 
of the cartilage bones of the skuU is similar in process to that in the 
rest of the skeleton and need not be described in detail. One point 
worth)' of note, however, is the fact that calcification (fig. 9, plate III) 
may occur without any blood vessels being present in the cartilage. 

In the skulls of young human embryos in which the cartilaginous 
rudiment of the future bones is not thick, it does not seem essential 
for their nutrition that blood vessels should be present in them. Pre- 
paratory to calcification, the matrix shows poor staining qualities and 
the cartilage cells enlarge as in other bones. The enlargement of the 
cartilage cells progresses until they are crowded one against another 
with a thin lattice or network of matrix between. At this stage, calcifi- 
cation of the matrix occurs by deposition of the calcium salts as granules 
in it. These granules are seen first immediately outside the circum- 
ference of the cells, and gradually those of contiguous cells merge to 
fill and make solid the partitions between adjacent cells. This obviously 
looks as though the placing of the granules was due to cellular activity. 

Ossification follows this stage by the deposition of true bone sub- 
periosteally on the calcified cartilage, and later this cartilaginous core 
to the future bone is gradually removed and replaced by true bone. 

II. PHYSIOLOGIC CALCIFICATION DURING OSSIFICATION, 

Here two somewhat different conditions, due ,to -the difference in 
orig^in of the bones developed in cartilage or 'in membrane, are 
considered. • 

Ossification of Mcihbranc Bones . — ^In membrane bones the develop- 
ment was seen clearly in serial sections of the heads of young human 
embr}-os. the parietal bones and mandibles furnishing particularly good 
examples. 
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be given and also an intracardiac injection of 1 : 1,000 solution of epinephrine hydro- 
chloride or 1 per cent solution of ephedrine must be administered. One cubic 
centimeter has been used with good results. 

For artificial respiration, compressed air, which is forced into the lungs 
through a tin mask, has been used. The tubing is so arrang;ed that either air 
alone or air saturated with ether can be given. If a vary ing degree and length 
of pressure on the floor of the mouth is applied in the dog, the amount and also 
the pressure of the air that is introduced into the lung can be regulated. The 
length and the degree of compression must be such that the lung distends to its 
full capacity in the open chest. 

RESULTS 

Fifty-four partial or complete pneumectomies were performed on 
dogs. Nine of these animals died on -the table during the earlier period 
of the experiments. As my associates and I became more expert in 
technic and as accidents and emergences were watched for, the point was 
reached where the dogs survived the effects of the operation and lived 
for a long time. Of the nine that died on the table, six died of asphyxia 
caused by unsatisfactory artificial respiration. One dog died as a result 
of an accidental acute hemorrhage from the pulmonary artery. This 
hemorrhage resulted from the premature release of the compressing 
clamp at the hilum. The clamp could not be easily reapplied, and by 
the time it was reinserted the dog was exsanguinated. Digital pressure 
was not thought of until it was too late. Two other dogs died as a result 
of an acute dilatation of the stomach. This dilatation was encountered 
frequently, but two dogs were killed before it was found that a prompt 
emptying of the stomach with a tube was all that was needed. Another 
factor that shortened the postoperative life of the animals was distemper. 
Nine dogs developed this disease, and all died as a result. 

All of the dogs showed evidences of pleural irritation with a greater 
or lesser amount of exudation. In those that died during the first ten 
days the chest was found full of serosanguineous exudate which would 
not clot either in or outside of the chest. Such a fluid was present on 
both sides. I believe that the fluid found its way into the opposite side 
through the thin mediastinum of the dog. Such has been my experience 
when fresh blood was injected into one side of the thorax. When the 
animal was killed two days later, the blood was present in about equal 
amounts on both sides. The site of suture was always found to be 
adherent to the wall of the chest and generally at the site of the 
thoracotomy. In the first ten days, the adhesions were fibrinous or a 
weak fibrous type. As the interval became longer the adhesions became 
stronger, so tliat in some cases the stump could be separated from the 
wall only by means of a sharp dissection (fig. 2). 

Infection and leakage were encountered in one stump. In this experi- 
ment, an undue amount of strength was used to tie the suture and thu.s 
necrosis and a slough were caused. 
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uring the first week the stump was dark purple and presented liti 
crepitation. During this period, areas of hemorrhage into the interstiti 
tissue and the alveolar spaces were seen microscopically. At the site < 
the suture, the alveolar spaces were compressed in one direction and thi 
were changed into strands of tissue (figs. 3 and 4). The brbnchiol 
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Figr. 2. — Appearance of the stump thirty-two days after an upper right 
lobectomy with the author’s technic. The scar tissue binding the stump to the wall 
of the diest and pulling the mediastinum to the right side should be noted. The 
arrow points out the communications above and below the stump. Pathologic 


WATT— DEVELOPMENT OF BONE 


1027 


The matrix of the osseous tissue is of a fibrous nature. In the 
fibrous membrane which precedes those bones developed in this manner, 
there is a ground substance which is already prepared for impregnation 
with calcium salts in a permanent form. The deposition of calcium salts 
starts on the surface of the membrane while it is still thin. Here a 
layer of cells under the sheath and in relation to a fairly good blood 
supply begins to impregnate the fibrous tissue on which they lie with a 
fine granular deposit. This occurs first in contact with the periphery 
of that side of the cell in relation to the membrane. As the cell becomes 
embedded deeper and deeper in the new bone which is being formed, 
the granules are found extending farther around the cell until finally it is 
entirely enclosed in a calcified matrix and is now a bone corpuscle as 
distinguished from an osteoblast. In stained sections, the granules form 
a dark border outlining the cells. 

It is almost universally believed that the bone forming cells here 
exude the fibrous organic matrix, and from my studies I believe that the 
calcium salts lare also exuded into this matrix or simultaneously with 
the matrix, where they then crystellize out or precipitate to give the 
bone its strength and hardness. 

Ossification of Bones Developed in Cartilage . — In bones developed 
in cartilage, there is no matrix ready for permanent impregnation with 
calcium. The cartilage lying in any zone about to be ossified becomes 
calcified, but much of this is immediately removed by erosion and 
absorption. What remains is merely a temporary scaffolding to support 
the true bone which is first laid down on it and covers it. When the 
quantity of bone becomes sufficient for its own support, even this part 
of the cartilage is finally removed. 

The bone which is first formed is deposited as a thin layer on the 
surface of the trabeculae formed of calcified cartilage. It is deposited 
by the secretory activity of the osteoblasts, which exude the organic 
matrix and simultaneously seem to pass the calcium salts into it. .These 
salts first become visible in the matrix in an extremely fine granular 
form, the granules being much more minute than those seen in calcified 
cartilage. Whether the calcium salts become solid by a process of 
crystallization out of the solution or a process of precipitation is not 
known. I believe that their presehce in the matrix is, however, due to 
the secretory function of the osteoblast in placing them in this position. 

NORMAL CALCIFICATIONS 

In the previous part of the paper, the facts as gleaned from my 
investigations of the development of the skeleton have been presented. 
It remains now to review these and to state the conclusions to which 
one may be led by them. 
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His conclusion is that faulty utilization of bone forming elements in 
rickets is due to defective absorption and that this in turn depends on 
a change in gastro-intestinal conditions. 

Wilkins and Kramer “ proved that the beneficial effect of cod liver 
oil on rickets could be obtained by an ether soluble extract injected 
intramuscularly, showing that the effect is a general one exerted through 
the circulation and not a local one simply due to the presence, of the 
oil in the intestine. Flamini showed that the antirachitic vitamin in 
cod liver oil increases the absorption of calcium from the intestine and 
aids in its fixation in the tissues. 

In spite of their lower concentration in the blood of rachitic indi- 
viduals the calcium salts are present in a supersaturated solution, accord- 
ing to Holt, La Mer and Chown,’^® and so the failure of the salts to 
be deposited in the bones must be due to more than a simple lack of 
precipitation. 

Beckhold stated that precipitation of calcium is hindered by the 
colloids in the blood, and this hindrance must be prevented during 
ossification, the protective action of the colloids being changed at or by 
the bone cells. He also noted that Witte’s peptone holds only calcium 
carbonate in solution, while calcium phosphate precipitates 'out of it. 
In this he saw the explanation of why there is so much more phosphate 
than carbonate in bone, because peptones are formed as the cartilage 
breaks down ahead of the ossification. In rickets there is an overgrowth 
of cartilage with less breaking down and, consequently, a smaller 
deposition of calcium salts and a softer bone. 

Further evidence of the part played by the cell in the deposition of 
calcium in bone and cartilage is seen in the work of Robison, Kay, 
Soames and others.^® They demonstrated that those tissues which 
utilize phosphates all possess a ferment called phosphatase, or esterase, 

13. Wilkins, L., and Kramer, B.; Infantile Rickets: Treatment by Intra- 
muscular Injection of a Cod Liver Oil Concentrate, Bull. Johns Hopkins Hosp. 
40:52, 1927. 

14. Flamim, Mario: The Action of the Antirachitic Vitamin of Cod Liver 
Oil on the Organism of the Child, Fediatria 84:625, 1926 (Child Devel. Abstr.). 

15. Holt, L. E. ; La Mer, V. K., and Chown, H. B. : Studies in Calcification: 
I, II and III, J. Biol. Chem. 64:509, 1925. 

16. Robison, R.: The Possible Significance of Hexosephosphoric Esters in 
Ossification: I., Biochem. J. 17:286, 1923. Robison, R., and Soames, K. M. : The 
Phosphoric Esterase of Ossifying Cartilage, Biochem. J. 18:740, 1924. Kay, H. D., 
and Robison, R.: The Action of the Bone Enzyme on the Organic Phosphorus 
Compounds in Blood, Biochem. J. 18:755, 1924. Goodwin, H. W., and Robison, R. : 
Phosphoric Esters of the Blood, Biochem. J. 18:1161, 1924. Martland, M., and 
Robison, R.: The Enzyme in the Early Stages of Bone Development, Biochem. J. 
18.1354, 1924. Robison, R., and Soames, K. M: A Chemical Study of Defective 
Ossification in Rachitic Animals, Biochem. J. 19:153, 1925. Kay, H. D.: Kidney 
Phosphatase, Biochem. J. 20:791, 1926; The Function of a Phosphatase in Bone 
Formation, Brit. J. Exper. Path. 7:177, 1926. 
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Plate III 

Fig. 7 . — ^Photomicrograph of the area outlined on cuboid in ilgure 4. The arrow 
points to the center. of the bone. Note the darkly staining trabeculae, although 
a visible deposit of calcium salts cannot be identified; X 150. 

Fig. 8. — ^Photomicrograph of the area outlined on talus in figure 5. The arrow 
points to the center of the bone. The cartilage cells are grouped in columns 
lying radially, and the dense black areas are the heavily calcified areas formed of 
closely packed granules. The granules are not visible in the photograph owing 
to the thickness of the section and the density of the stain taken by them; X 150. 

Fig. 9 . — Photomicrograph of a portion of. the base of the cranium of a human 
embryo 43 mm. long. The heavy black areas between cartilage cells in the center 
of the section are calcified areas densely stained. Blood vessels are not present 
in this cartilage; X 150. 
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whidi will produce inorganic, ionizable phosphates from organic phos- 
phoric esters. The phosphatase varies with the animal, the tissue and 
the age; it will stand considerable heat and can be kept for months and 
will still remain active. 

Kidney phosphatase will hydrolyze all tlie acid-soluble phosphates in 
the blood, while bone phosphatase will hydrolyze only part of them. 
Bone phospliatase is not present before the beginning of ossification or 
in the cartilaginous ends; it is present in quantity in all bone, even in 
old age and is in maximum amount in the ossifying zones during 
growth and is coincident with and in proportion to the amount and 
rapidity of growth. 

Eden^^ found large amounts of calcium in the callus of healing 
fractures, which were transparent on roentgenographic examination. 
The calcium was evident here in a form bound to tiie protein of the 
callus. He also made injections of solutions of calcium salts into the site 
of fracture and obtained much more rapid healing, showing the effect 
of a good supply of calcium on cellular activity. 

Rabl * said that the calcium in growing bones is to be found in a 
form bound to peptids and amino-acids formed by the breaking down 
of the cartilage in the region. Carbonates are produced through the 
liberation of carbon dioxide on further decomposition and the phos- 
phates precipitate by reaction with soluble phosphates of the tissue 
fluids. One might see here the use of the esterase previously mentioned 
in increasing the amount of available phosphates. > 

The problem raised here does not yet appear capable of solution, but 
consideration of the facts leads to the assumption that the cell must 
have considerable influence on the deposition of calcium salts in cartilage. 
The weight of evidence, one feels, is in favor of the view that the 
cartilage cell has some secretory activity, the exact process of which is 
as yet unknown, which is accountable for placing the calcium in the 
matrix. 

This view is similar to the one I have already advanced that the 
calcium contained in the matrix of the bone is deposited by secretory 
activity of the osteoblasts and bone corpuscles, and my reasons for 
inclining to this view have been fully set forth in previous papers.*® 

The deposition of calcium in bones developed in membrane, being 
in the form of fine granules immediately surrounding the osteoblasts 

17. Eden, R.: Untersuchungen fiber Vorgange bei dcr Vcrknochcrung, Klin. 
Wchnschr. 2:1798, 1923. 

18. Watt, J. C. : The Behaviour of Calcium Phosphate and Calcium Carbonate 
(Bone Salts) Precipitated in Various Media, with Applications to Bone Formation, 
Biol. Bull. 44:280 (June) 1923; The Deposition of Calcium Phosphate and Calcium 
Carbonate in Bone and in Areas of Calcification, Arch. Surg. 10:983 (May) 
192S; The Transport and Deposition of Calcium Salts in the Body, M, J. Australia 
2:85 (July) 1925. 
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(which also form the bone corpuscles when fully embedded), is in all 
Accpnrig lQ similar to the process of calcification of cartilage, and its con- 
sideration leads to similar conclusions. 

It is interesting to note in this regard that Weidenreich ” published 
two comprehensive articles on the constitution of bone, in which he 
described three divisions of this tissue: fiber bone, cartilage bone and 
lampllar bone. Hc Considered the lamellar bone of the haversian sys- 
tems as being the only true organized bone tissue, with true bone 
corpuscles and with a finely granular calcium content to its matrix, which 
may be even homogeneous from. fusion of the deposits into a mass. 

Fiber bone is regarded as simply a dense calcification of -fibrous 
tissue; it is found as the subperiosteal deposit on the surface of all 
boties, in muscular prominences of the skeleton and in all the bones 
formed in membrane. It can also be seen in ossified tendons. The 
deposit of calcium here is in a much coarser granular form. 

Cartilage bone is seen in the early embryonic ossifications and also 
in the calcification of certain epiphyses, especially those occurring late, 
and contains calcium in a coarse granular form. 

The two latter forms of bone appear in the embryo and also during 
later growth as the kind of bone which is formed first in .any location. 
Much of this material is later reorganized and converted into the 
lamellar type by activity within the bone.. What I have found true, 
especially concerning the physical state of the calcium salts in various 
bones, is in perfect accord with Weidenreich’s statement. 

Two other instances of normal calcification which may be considered 
are the formation of the shell in the hen's egg and the shell of the 
fresh water dam. Both of these structures are regarded as products 
of secretion. The clam shell is considered due to the secretion of 
calcium carbonate in albumin on the surface of the animal’s mantle. 
This salt, as Pauli and Samec®° showed, is seven times as soluble in 
albumin as in water and so can be. secreted in appredable q uan tity. The 
solubility is also increased by the carbon dioxide content of the tissues. 
When the secretion is exuded on the surface of the mantle, the lowered 
carbon dioxide content of the water causes the caldum carbonate to 
precipitate. Being in a colloidal solution it separates out in the colloidal 
form of deposit, which is usually small spherules ; these have a marked 

19. Weidenreich, F.: Knochenstudien : I. Ueber Aufbau und Entwicklung des 
Knochens und den Character des Knochengewebes. II. Ueber Sehnenverknocher- 
ungen und Factoren der Knochenbildung, Ztschr. f. Anat. u. Entwicklungs- 
geschichte, 69:382 and 5S8, 1923; Ueber den Begriff "Knochen” und die 
Beziehungen des Knochengewebes zu Bindegewebe und Knorpel, Anat Anz 
57:138, 1923. 

20. Pauli, W., and Samec, M.: Ueber Loslichkeitsbeeinflussung von Electro- 
lyten durch Eiweisskorper, Biochem. Ztschr. 17:235, 1909. 
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111 the case of those bones which are preformed in cartilage, it may 
be stated that calcification of the cartilage occurs in all cases previous to 
ossihcatioh. The calcified cartilage is not transformed directly into bone 
but is removed. Much of it is immediately absorbed, while the remain- 
der, forming a scaffolding of trabeculae for the support of the bone 
which is first produced, is later absorbed, when the true bone is formed 
in sufficient amount to support the skeleton. 

The cartilage may go through all the changes ending in calcification, 
without the presence of any blood vessels (fig. 9, plate III) in it if it 
is small or thin, as may be seen in the case of some bones of the skull. 
But if the cartilage is of larger mass (fig. 2, plate I and fig. 4, plate II), 
then blood vessels will be present in it. However, they will stop just 
short of, and will not ramify in the calcified area itself until that 
moment (figs. 5 and 6, plate II) when the area is invaded by the budding 
blood vessels carrying in the osteoblasts to initiate true ossification. 

An interesting view has been suggested to me to explain the presence 
of a skeleton formed of calcified cartilage in the embryo. It will be 
recalled that in the lowest fonns among the vertebrates the skeleton 
is not true bone but is only a calcified cartilage. The bony skeleton 
first appears in the higher fishes, replacing a cartilaginous one. Thus 
the temporary appearance of a calcified cartilaginous skeleton for a 
short time just previous to the appearance of the permanent bony 
skeleton in the embryo of all higher vertebrates is to be interpreted as an 
evolutionary phenomenon, reflecting the past history of the race. It is a 
case of phylogeny being repeated in ontogeny in the skeleton in a way 
similar to that seen in the case of the kidney. In the latter, there is the 
succession of pronephros, mesonephros and metanephros as excretory 
organs, only the last persisting as a kidney in the highest vertebrates. 
In the skeleton one finds the succession of cartilage, then calcified 
cartilage and finally bone. 

The calcifying of the cartilage, which is thus so temporary and 
transient, appears to serve a practical purpose in the embryo by providing 
a large amount of calcium ready for use by the osteoblasts in the first 
rapid formation of bone. 

In those bones developed in membrane, the organic matrix necessary 
to receive the calcium salts is already present and does not need to be 
altered, as was the case with the cartilage, so the more permanent deposi- 
tion of salts is made directly into this fibrous matrix. The latter is 
similar to the new matrix that is formed by the osteoblasts which pro- 
duce bone in a cartilaginous area. The method of bone formation in 
membrane is therefore much like a calcification of fibrous tissue, with 
this dilTerencc, however, that the calcium salts appear in intimate relation 
with the characteristic tissue cells, namely, the osteoblasts and bone 



1040 


ARCHIVES OF SURGERY 


tendency to fuse and so produce the dense pearl shell. The contact 
of the water with the albuminous solution no doubt aids in the precipi- 
tation also by its tendency to dilute the albumin and so render the 
contained calcium salt less soluble. 

The process of formation of the clam shell is thus seen to be a 
double process. There first occurs secretion of the calcium carbonate 
in a soluble form in an albuminous matrix through the ageni^' of the 
mantle cells. Secondly, there is a precipitation and fixation of this 
secretion by physical and chemical means, through which the calcium 
carbonate combined with the albumin in colloidal crystals is- deposited. 
That albumin combines with the crystals was shown previously as far 
back as Rainey’s period by decalcifying experimental precipitates and 
obtaining perfect albuminous casts of the deposits after the calcium 
is removed. 

A second example of the secretion of calcium is to be found in the 
formation of the shell of a bird’s egg. The shell is composed almost 
entirely of calcium salts and is secreted by the shell gland, a modified 
part of the genital tract, and an evident and undeniable cellular activity 
is concerned here in the output of calcium. The final deposition in 
solid form about the egg may again be a precipitation due to the concen- 
tration of carbon dioxide found in the genital passage which is lower 
than the concentration existing in the tissues. But the placing of the 
calcium here where it can precipitate is certainly due to the secretory 
work of the mucosa of the shell gland in taking the calcium salts from 
the blood stream and passing them through to its free surface. 

In the case of the formation of the teeth, the manner in which 
calcium is deposited again comes into question. There is a definite 
organic matrix to both the enamel and the dentine, laid down, respec- 
tively, b}' the ameloblasts and the odontoblasts. 

In the matrix of each layer, the calcium is found deposited in the 
form of minute granules. These were interpreted by Rainey, and by 
others since his time, as indicating their production by precipitation, 
as they are exactly of the form and appearance seen in experimental 
precipitation of calcium carbonate in colloids. But the inorganic material 
of the teeth is largely calcium phospliate, which has been shown (Rainey, 

21. Rainey, G.: On the Formation of the Skeletons of Animals, and Other 
Hard Structures Formed in Connection with Living Tissues, Brit. & Foreign Med. 
Chir. Rev. 40:343, 1857; Precise Directions for Making of Artificial Calculi with 
Some Observations on Molecular Coalescence, Quart. J. Micr. Sc. 6:41, 1858; 
On the Structure and Mode of Formation of the Dental Tissues, According to the 
Principle of Molecular Coalescence, Quart. J. Micr. Sc. 7:212, 1^9; Some Further 
Experiments and Obser\'ations on the Mode of Formation and Coalescence of 
Carbonate of Lime Globules, and the Development of Shell Tissues, Quart. J. 
Micr. Sc. 1:23, 1861. 
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corpuscles. The development of bone in membrane is, of course, also 
phylogenetically significant, for it, too, repeats the history of develop- 
ment of this lype of bone. 

In all cases of calcification of cartilage observed, the following facts 
are to be noted : 

1. The calcium salts always appear first in the form of granules. 

2. These granules appear first around the cartilage cdl (fig. 11, 
plate IV) and are embedded in the matrix immediately outside of the 
cdl capsule. 

3. The salts appear before blood vessels are present in the calcified 
areas. 

4. The calcium salts do not appear until after changes have occurred 
both in the cartilage cdls (fig. 4, plate II ; fig ■ 7 , plate III, and fig. 10, 
plate IV) and in the matrix of the area to be calcified. The cdls become 
grouped and greatly enlarged; the matrix 'increases considerably, 
becomes pale and stains poorly. 

It thus appears that the association of caldum deposits with the 
cartilage cdls is close and that the whole manner in which caldfication 
occurs leads to the condusion that the cdl has considerable control of it, 
and that the caldum arrives in the matrix somehow as a result of the 
cdl’s activity. 

According to all investigators, predpitation of caldum salts in solu- 
tion in the body tissues occurs when the carbon dioxide content is 
lowered. It seems reasonable to infer that the matrix farthest away 
from the cdls in the cartilage would contain the least carbon dioxide 
which, bdng a product of tlie activities of the cdls, should be most 
concentrated in its immediate neighborhood. If this inference is correct, 
the first place in which calcium salts would be deposited would be in 
the larger masses of matrix and as remote as possible from surrounding 
cdls. This is not the case, but the opposite is true. The first deposition 
is immediately surrounding the cell capsule, so that the granules evi- 
dently do not occur by predpitation from decrease of carbon dioxide in 
the cartilage. 

The view has been put forth that calcium salts are predpitated as 
carbonate and phosphate by the reaction of these radides excreted by 
the cells uniting with calcium dissolved in the fluids of the matrix. If 
this were so, one would expect the deposition to be equal all about the 
circumference of the cdl, but in the early stages of caldfication the 
deposit is frequently found lying all to one side of the cartilage cdl, 
although there was plenty of opportunity for it to be surrounded 
completdy. 
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Hartingr" Watt) to precipitate even in colloids as an extremely fine 
granular suspension. Only the carbonate forms globules and spherules, 
so that the constant appearance of the calcium phosphate in the teeth 
in globular form is not to be interpreted without question as indicating 
a simple precipitation. 

The problem as to how the calcium actually deposits in the enamel or 
the dentine of a tooth is underlaid by a still more fundamental problem 
as to how the calcium salts are brought into this region where they are 
later laid down. If they simply diffuse into the matrix, then the whole 
process of deposition is a simple predpitation. But if they are selected 
and passed into the r^on by cellular activity and then appear as a solid 
deposit, it is evident that although the end of the process may still be a 
precipitation, nevertheless, the beginning is a vital process, secretion 
by the cells f firming this tissue. This is an important and far reaching 
difference and is of great significance in understanding the development 
of the teeth; it will modify radically all attempts to treat abnormal 
conditions such as defective calcification. 

Concerning the teeth, Blotevogel did work which is of great sig- 
nificance. He made injections of trypan blue into young mice and 
then examined the developing teeth at intervals of from one to thirty 
days. He found that the ameloblasts, which form the enamel; and 
the odontoblasts, which produce the dentine, both stored the vital dye 
evenly throughout the cell before they became active. But when they 
began to form the enamel and dentine, both these types of cells showed 
marked polarity, with a definite direction of transport of material 
through the cell. This was shown by the fact that all granules became 
closely packed along that edge of the cell which was forming the enamel 
or the dentine. The organic matrix of the enamel or dentine formed 
during the period when the dye was "present was also colored diffusely 
blue. 

When the enamel and dentine became calcified the parts which con- 
tained calcium were colorless, either because the calcium does not com- 
bine with the dye or because it bleaches it. This is the opposite effect 
to that seen with madder or alizarin, which combines with calcium, as 
shpwn by Macklin,^ and is deposited with it as a colored compound 
if the dye is present at the time of deposition. 

22. Harting: On the Artificial Production of Some of the Principal Organic 
Calcareous Formations, Quart J. Micr. Sc. 12:118, 1872. 

23. Blotevogel, Wilhelm: Beitrage zur Kenntnis der StofiFwanderungen bei 
wachsenden Organismen : II. Der vitale Farbstofftransport \vahrend der Zahnent- 
wicklung, Ztschr. f. Zellen-u. Gewebeldire 1:601, 1924. 

24. Macklin, C. C : Studies in Calcification by the Use of Vital Dyes T M 
Research 31:493, 1917. 
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Plate TV 

Fig. 10. — ^Photomicrograph of a section through a cuboid slightly further 
advanced than that shown in figures 4 and 7. The cartilage cells arc in irregular 
groups with darkly staining heavy trabeculae between them, which will become 
calcified and form the scaffolding for tlie future deposit of bone; X 150. 

Fig. 11. — ^Photomicrograph with high magnification of the area in a cuboid 
which is just beginning to calcify. The cells lie closely packed in irregular groups 
and in the matrix between them can be seen the black, densely stained masses of 
calcium deposit which in favorable places, when not too heavy, can be seen to be 
composed of closely packed granules. In those lacunae which are sharply in focus 
the actual lacunar wall is seen to be free from granules ; X 500. 
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Blotwogel found conditions in bone similar to those in dentine, 
uncalcified matrix colored with trypan blue and calcified areas 
unstained. Tlie osteoblasts, forming matrix on all sides of them, stored 
the blue evenly in contrast to the odontoblasts which, forming dentine 
only on one side, stored all the blue at that side. A definite direction 
of transport of material and an evident cellular activitj' in handling 
this material has been beautifully demonstrated here. It may be inferred 
tliat what can be done in the case of tiypan blue could be done also in 
the transport of caldum salts. A definite cellular activity can be demon- 
strated in the formation- of the organic matrix of tooth, bone and 
cartilage, and the evidence all seems to point to the occurrence of a 
similar process in the impregnafion of this matrix with the calcium 
salts. 

Further collateral evidences that cellular activity is responsible for 
the handling of calcium in bone and cartilage may be cited. In 
Vincent’s book on “Internal Secretions and the Ductless Glands” are 
many instances, given with reference to original papers, of the influence 
of hormones on the growtli of bone. Tlie changes in acromegaly, the 
increased stature in eunuchs, the increased growth of bone in cretins 
treated with thyroid extract and other instances all go to show the 
effects of hormones. 

Hammet showed that thyroid and parathyroid deficiencies produce 
marked clianges in the bones, especially in proportions of water, organic 
matter and bone salts. Parathyroidectomy lowers the calcium and phos- 
phorus content and increases the amount of magnesium. This author 
also showed that all bones are not equally sensitive to disturbances in 
hormone control, the humerus, for example, being less resistant than 
the femur. 

Rachitic changes in the bones of rabbits and rats the thyroid glands 
of which were removed three weeks after birth were demonstrated by 
Kunde and Williams in spite of the administration of adequate diets 
to the animals. 

Fahr“* described marked changes of the endocrine system in the 
case of osteogenesis imperfecta and expressed the belief that these 

25. Vincent, S.: Internal Secretions and the Ductless Glands, Toronto, The 
McMillan Company, 1912. 

26. Hammet, F. S.: Studies of- the Thyroid Apparatus: XLll. The Role of 
the ThjToid and ParathjToid Glands in the Growth of the Longr Bones, J. Exper. 
Zool. 47:95, 1927; XLIII. The Role of the Thyroid and ParathjToid Glands in 
the Growth of die Long Bones, ibid. 47:95, 1927 ; XLIV. The Role of the Thyroid 
and ParathjToid Glands in the Chemical Differentiation of Bone During Growth 
(Ash, Organic Matter and Water), J. Biol. Chem. 72:505, 1927. 

27. Kunde, M. M., and Williams, L.: Studies on Experimental Cretinism: 
II. Nutritional Disturbances of Bones, Proc. Soc. Exper. & Med. 23:814, 1926. 

28. Fahr, T.: Endocrine System in Osteogenesis Imperfecta, Virchows Arch, 
f. path. Anat. 261:732, 1926 (Child Devel. Abstr.). 
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changes are the fundamental factor causing dysfunction of the osteo- 
blasts. By means of x-ray examinations on the living, Engelbach and 
McMahon also showed marked changes in bone in various endocrine 
disorders. It is the general belief that hormones act on the cells of a 
tissue, which is much more probable, especially in the case of bone, than 
any hypothesis as to a chemical action on the matrix and its calcium 
content. 

In a similar way vitamins are supposed to act on the cell, and 
McCarrison*® showed marked changes in bone in cases of vitamin 
deficiency. In addition, Miles and Feng studied many cases of osteo- 
malacia in China and came to the condusion that it is a defidency 
disease due to lack of fat-soluble vitamins. They noted that there might 
be a calcium defidenqr in the diet and in the blood at the same time, 
but this was not always so. Without a deficiency of calcium in the 
body, such a condition as osteomalada can be conceived of only as a 
disease in w'hich the bone cell is at fault It was also noted that admin- 
istration of cod liver oil caused bone growth for more than two months 
after the cessation of treatment. 

The nonnal growth of bone and the deposition of a proper calcium 
content in its matrix is stimulated by sunlight and by ultraviolet light 
in cases of rickets. This surely must occur by action on the tissue 
cdls of the bone. In a review of the causes of rickets, Tisdall pointed 
out that a defidenc}' in the calcium content of the body is not sufficient 
in itsdf to cause this disease, vrhether the calcium is defident either 
from diminished intake or from increased loss. A defidency of vitamins 
alone or of phosphates alone will not produce rickets, but this defidency 
leads only to osteoporosis by a failure to produce as large and heavy 
an amount of bone as necessary. Either a defidency of caldum or a 
defidency of phosphates combined with a defidencj' in vitamins does, 
however, produce typical rickets. Robison and Soames obtained simi- 
lar results in experiments on rats. As every diange in the various 
conditions already dted, except the deposition of the caldum in the 
bony matrix, is admittedly due to the activity of the bone cells, it seems 
reasonable to suppose that the deposition of calcium might also be 
ascribed to the ceU’s activities, as it occurs in such' dose correlation with 

29. Engelbach. William; and McMahon, A.: Osseous Dei-elopment in Endo- 
crine Disorders, Endocrinology 8:109 (Jan.) 1924. 

30. McCarrison, R-; Studies in Deficiency Disease, London, Henrj- Frowde 
and Hodder and Stoughton, 1921. 

31. Miles, L. M., and Feng’, C: Calcium and Phosphorus Metabolism in 
Osteomalada, J. Exper. Med. 41:137, 1925. 

32. Tisdall, F- F.: The Etiology of Rickets, Canad. M, A. 7. 11;934 ^Dec.7 

1921. . ^ 

33. Robison and Soames (footnote 15, firth reference). 
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It may be presumed tliat all the cartilage cells can excrete soluble 
phosphates and carbonates, yet calcium deposits do not surround all cells, 
but only those of one definite, particular zone. 

If the cartilage cell secretes the calcium into the matrix, how does it 
accomplish it? Granules of the salts are not visible in the cell or its 
lacuna or passing through the capsule. The lacunae in cartilage are 
closed spaces, not a series of intercommunicating passages or pnn al s 
through the cartilage, so one cannot look on them as open pathways 
conducting calcium salts in solution which might diffuse into the matrix 
and precipitate. 

There are no blood vessels or lymph channels leading to individual 
cell lacunae in cartilage, and the common idea is that cartilage cells obtain 
all needed nutrient by imbibition of dissolved substances which diffuse 
through the matrix. 

If, therefore, the cell obtains a supply of calcium it does so in dis- 
solved form by diffusion through the same matrix in which the 
deposition is later made in solid form. This disposes of any view that 
the salts are excreted in liquid form and then precipitated in the matrix 
by lowering of carbon dioxide content, for the same matrix would have 
to possess a constitution which would allow calcium to pass in solution 
into the cells but not out again without being precipitated; this appears 
absurd. That there is calcium in tlie cartilage cells has also been 
demonstrated by Rabl.^ 

In studying the precipitation of calcium phosphate and carbonate in 
colloids in vitro, I noted a significant fact. With similar concentrations 
of reagents, it was more difficult to produce precipitation of the calcium 
salts in aqueous extracts of cartilage than in any other medium 
employed. There was always a much smaller quantity of precipitate 
obtained in these cases. This forms a strong argument against the 
view that cartilage calcifies by a simple precipitation reaction. Bechhold ® 
also noted that cartilage shows a selective adsorption of calcium. 

From experiments on puppies, Jones* concluded that two factors 
influence calcification. The more important one is the metabolic state 
inherent in the animal, and the other is diet, which influences the 
metabolism of the cells. The balance of ions between the bone-forming 
cells and their surroundings determines the deposition of bone salts. 
Any agent changing the metabolism of the bone cells will alter this 
ionic balance and will influence the deposition or the absorption of Irone. 

2. Rabl, R. H. : Ucbcr die Kalkablagerung bci dcr Knochcnentwicklung, Klin. 
Wchnsclir. 2:1644, 1923. 

3. Bechhold, H.: Colloids in Biology and Medicine, translated by J. G. M. 
Bullowa, New York, D. Van Nostrand Co., 1919. 

4. Jones, Martha R.: Studies on Inorganic Salt Metabolism: HI. On 
Certain Factors Which Influence the Deposition and Resorption of Bone, Am. J. 
Physiol. 79:694, 1926-1927. 
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all the other activities. Medes showed that the bones of rats on a 
diet poor in phosphorus exhibit rachitic clianges, while diets low in 
calcium content lead only to osteoporosis. 

It is to be particularly noted that cells liaving to do with the special 
use of calcium for structural purposes are not all of one kind. Three 
types of epithelium are found capable of secreting calcium to form 
solid structures: namely, the epitlielium of the mantle of the clam, the 
epithelium of the shell gland of the bird, and that of the enamel organ 
of the tooth. Three types of conna:tive tissue cells are similarly con- 
cerned; the cartilage cell, the osteoblasts and bone corpuscles and, 
finally, the odontoblasts of the teeth. 

Tlie view is readily accepted that the shell of the clam and the shell 
of the bird’s egg are ‘products of secretion, both the organic matrix 
and the calcium salts being present through the secretory function of 
the cells. It is generally admitted also that the organic matrix of bone 
and cartilage and of the enamel and dentine of the tooth are products of 
the cell. In the latter cases, why should not calcium also be present 
because of the secretor)' activity of the cells? 

SUMMARY 

Development of Bone. — 1. Intramembranous bone develops by the 
simple calcification of a fibrous matrix, osteoblasts gradually walling 
themselves in wth a finely granular deposit. 

2. The formation of endochondral bone shows a progressive series 
of marked changes. The cells in the cartilage that are about to change 
enlarge, and the matrix increases in quantity and stains poorly. The 
cartilage cells then become segregated into groups between which lie the 
main, heavy trabeculae, and the matrix again stains deeply and calcifies 
by deposition of granules. 

Blood vessels bearing osteoblasts now invade the calcified cartilage, 
eroding the narrower trabeculae and occupying the lacunae, from which 
the cartilage cells have disappeared. Osteoblasts deposit true bone on the 
remaining trabeculae; this first bone and the calcified trabeculae on 
which it lies are later reorganized, and an arrangement better sitited 
to the structure as a whole is laid down. 

A calcified cartilage skeleton, temporary in duration and replaced 
by bone, is an evolutionary phenomenon and repeats in the individual 
the history of the race. 

Endochondral bones of different shapes and sizes show individual 
modifications in their process of development. 

34. Modes. G. : Rats on Diets High in Phosphorus and Low in Calcium, Proc. 
Soc. E.\pcr. Biol. & Med. 23:679, 1926. 
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A definite proportion was shown by Wells ® to exist between the 
amount of calcium carbonate and phosphate in bone and calcified 
cartilage. In normal persons, there are fifteen parts of calcium carbonate 
to eighty-five parts of calcium phosphate, or in the chemical proportions 
of one molecule of the carbonate to tliree of the phosphate. 

The salts present in bone have been recently analyzed by Howland, 
Marriott and Kramer.® They concluded that calcium is present only 
in the form of neutral calcium carbonate and tricalcium phosphate. 
The ratio of phosphate to carbonate depends directly on the amount of 
phosphates in the blood serum and is therefore lower in rickets, in 
which the phosphorus content is markedly reduced, than it is in health. 
In artificial mediums the ratio of phosphate to carbonate in the precipi- 
tate is in direct proportion to the quantities dissolved in the mediums, 
and can be obtained in the same relative amounts as in bone. However, 
the authors stated that the latter fact must not be taken to indicate that 
calcification is a process of simple precipitation, as they have shown 
that other factors have to be taken into account. 

Shipley, Kramer and Howland ^ took slices of cartilage from devel- 
oping bones and immersed them in solutions containing calcium salts, 
where they were then incubated. Calcification of the cartilage occurred 
in nine hours ^vith normal blood concentrations of calcium and phos- 
phorus and at the normal hydrogen ion concentration of serum. This 
calcification was always in the matrix, never in the cells, and was not 
on the surface of a slice, but always in the depths of its thickness. 
Microscopic examination did not show any differences from the calcifi- 
cation of cartilage seen during normal development of bone. 

Costochondral junctions in children dying of rickets did not calcify 
in rachitic serum, but the process did occur when they were immersed 
in normal serum. 

Calcification did not occur after the cartilage was boiled or after the 
use of antiseptics or protoplasmic poisons. This clearly indicates the 
active part which the cell must play in the process. 

With the addition of 1 per cent of egg albumin to the solutions, 
calcification did not occur in forty-eight hours, but if the slices of 
cartilage were w'ashed at the end of trventy-eight hours and placed in 
fresh solutions without albiunin calcification took place. This indicates 
that calcium when bound to a protein is not easily utilized by the cell, 

5, Wells, H. G.: Pathological Calcification, J. M. Research 9:491, 1906; 
Calcification and Ossification, Harvey Lectures, 1910-1911; Calcification and 
Ossification, Arch. Int. Med. 7:721 (June) 1911; Chemical Pathology*, ed 3, 
Philadelphia, W. B. Saunders Compan>', 1918. 

6, Howland, John W.; Marriott, McKim and Kramer, B.: Studies Upon 
the Inorganic Composition of Bone, J. Biol. Chem. 68:721, 1926. 

7, Shiplej', P. G.; Kramer, B., and Howland, J.: Studies upon Calcification 
in Vitro, Biodiem. J. 20:379, 1926. 
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(a) Long, bones are invaded at the center of the shaft by blood 
vessels which bud and grow rapidly and carry in osteoblasts with them. 
Calcified cartilage always lies just ahead of the vessels and is continually 
invaded and its line pushed back until the whole shaft is ossified. The 
calcified cartilage grows- away from the entering vessels. Blood vessels 
are not present in the shaft before the process of ossification begins. 

(b) Epiphyses and short irregular bones such as the carpals and 
tarsals contain blood vessels long before ossification begins. These 
vessels extend about half way to the center and then branch and 
anastomose. The central area bounded by them calcifies and is then 
invaded by budding vessels carrying in osteoblasts. The cartilage is 
eroded except for some larger trabeculae ; the zone is ossified and theii 
extends its boundaries until it reaches the periphery of the bone. .In 
tliis case the calcified cartilage extends toward the entering blood vessels^ 
not away from them as seen in the shafts of long bones. 

(c) Endochondral bones of the skull may show enlargement of the 
cartilage cells and calcification of the matrix without the presence of 
any blood vessels until the moment when they are penetrated by budding 
vessels accompanied by osteoblasts. 

Form of Calcium Deposits, — 1. In Cartilage: The deposit is always 
in the form of distinct granules which accumulate in closely packed 
masses but do not fuse. The granules appear first in the matrix 
immediately around the cartilage cells, but there appears to be a thin 
envelop or capsule forming the actual wall of each lacuna which is 
free from granules. The granules appear first around those cells 
nearest to blood vessels. 

2. In Bone: The deposit is always granular. The granules are 
minute, much smaller than those in cartilage, and they may fuse to 
form a homogeneous mass. The granules appear first in the matrix in 
immediate contact with the osteoblasts. 

Manner of Deposition of Calcium Salts . — In normal calcification of 
cartilage and bone, the deposition of the calcium salts is presumed to be 
due to cellular activity, because the first evidence of deposition is 
always immediately about the cell and can occur only after definite 
changes in the cell and in the organic matrix formed by it (Watt). It 
has also been shown that precipitation of calcium salts is diffiailt in a 
cartilage extract (Watt “), and solutions of calcium phosphate in condi- 
tions similar to those in the tissues can exist for a long period without 
precipitating ‘(Holt, LaMer and Chown ^®) and normal blood is 200 per 
cent saturated. 

Slices of normal living cartilage will calcify rapidly when incubated 
in proper solutions, but will not do so if tlie cells are killed (Shipley, 
Kramer and Howland ^). Cells forming the enamel and dentine of the 
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and that it is the ionized calcium in the blood serum whicli is readily 
available for calcification. 

That part of the calcium in the blood serum is not ionized and is 
bound to some protein was demonstrated by Marrack and Thacker,® 
who also showed that a cliange of hydrogen ion concentration of from 
7.4 to 7.8 reduces the calcium ion concentration 60 per cent. In regard 
to the latter point the work of Jones is significant, as she showed that 
destruction of bone in rickets is much greater as the alkalinity of the 
tissues is increased by appropriate diets and healing tends to occur with 
the administration of acids. 

A nondiflusible, nonionizable portion of the calcium in the blood, 
bound to a protein component, was also shown by Updegraff, Greenberg 
and Clark,® and by Hastings, Murray and Sendroy.^® 

Freudenberg and G)'6rgy expressed the belief that in some way 
calcium is bound to the protein constituent of the cartilaginous matrix 
and reacts with phosphates and carbonates to form the hard deposit 
evident in calcification. Products of tissue degeneration as well as 
urea and ammonium salts prevent calcification. The phosphate and 
carbonate formed may secondarily split off as inorganic salts from the 
protein and leave the latter free to repeat the process, thus increasing 
the calcification. 

According to Bergeim, rachitic rats lose both calcium and phosphorus 
in the feces, while normal animals absorb these elements. Therefore, 
rickets is not only a pathologic condition of the bone but shows derange- 
ment of other parts of the body. Telfer demonstrated similar condi- 
tions in human beings and showed that administration of cod liver oil 
caused great increase in absorption of both calcium and phosphorus. 

8. Marrack, J., and Thacker, G.: The State of Calcium in Body Fluids, 
Biochem. J. 20:580, 1926. 

9. Updegraff, H.; Greenberg, D. M., and Clark, G. W. : A Study of the 
Distribution of the Diffusible and Nondiffusible Calcium in the Blood Sera of 
Normal Animals, J. Biol. Chem. 71:87, 1926. 

10. Hastings, A. B.; Murray, C. D., and Sendroy, J., Jr.: Studies of the 
Solubilitj' of Calcium Salts: I. The Solubility of Calcium Carbonate in Salt 
Solutions and Biological Fluids, J. Biol. Qiem. 71:723, 1926. Sendroy, J., Jr., and 
Hastings, A. B.: II. Solubility of Tertiary Calcium Phosphate in Salt Solutions 
and Biological Fluids. III. Solubility of Calcium Carbonate and Tertiary Calcium 
Phosphate Under Various Conditions, J. Biol. Chem. 7:783, 1926. 

11. Freudenberg, E., and Gyorgy, P.: Kalkbindung durch tierischc Gewebe, 

I to X Biochem. Ztschr. 110:299, 1920; 115:96, 1921; 118:50, 1921; 121:131, 
1921; 121:142, 1921; 124:299, 1921 ; 129:134, 1922; 129:138, 1922; 142:407, 1923; 
147:191, 1924. 

12. Telfer, S. V.: Studies in Calcium and Phosphorus Metabolism: IV. The 
Influence of Free Fatty Acids in the Intestine on the Absorption and Excretion 
of the Mineral Elements. V. Infantile Rickets. The Excretion and Absorption 
of the Mineral Elements and the Influence of Fat in the Diet on Mineral Metab- 
olism, Quart. J. Med. 20:1, 1926. 
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teeth show a definite storage and direction of transport of trj^pan bin 
and bone cells show similar activities (Blotevogel ®*). 

Secretions of the ductless glands exert a marked influence on growl 
of bone, and cell tonics such as sunlight, ultraviolet light and vitamii 
also show marked effects. Bone and calcifying cartilage are shown 1 
possess a ferment, esterase, which will convert organic phosphates ini 
inorganic compounds (K!ay and Robison^*). 

Collateral evidence of the power of cells to secrete calcium salts 1 
form hard structures is shown by the epithelium of the mantle of tt 
clam in producing the dam shdl and the epithelium of the shell glar 
in produdng the shell of the bird’s egg. 

Bones become rarefied when blood caldum'is low, as in pregnancy 
and in increased loss from the body in certain fistulas. There seems to 
be a calcium balance between blood, bone cdl and bone matrix something 
like the sugar balance in the liver. 

All the foregoing points seem to point toward cdlular activity in the 
caldfication of bone and cartilage. Thus, six types of cells can secrete 
calcium to form hard structures: three epithdial cells — ^the amdoblast 
which builds enamd of the teeth, the q)ithdium of the mantle of the 
clam, and the epithdium of the bird’s shdl gland— and three types of 
connective tissue cell — the odontoblast which builds dentine in, the teeth, 
the cartilage cdl, and finally the osteoblast and bone corpusde. 



JOANNIDES—SURGERY OF THE LUNG 


99 


In the later stages it was found that the stump again assumed its 
normal color and had areas which showed crepitation, but the site that 
was exposed was found firmly adherent to the nearest portion of the 
wall of the chest. The strands of compression near the suture and also 
flattening of the bronchioles were seen microscopically. Some bron- 
chioles lost their major characteristics and could be recognized only by 
the cartil^^e or the remnants of bronchial epithelium. In some areas 
an entire loss of alveolation was found, and the whole field contained 
dense fibrous tissue. Tn the crepitating areas, the characteristic alveo- 
lation but also a characteristic increase in the interstitial fibrous tissue 



Fig. 3. — Section from the stump eigh^'-one days after lobectomy. The strand 
formation of the alveoli caused by the silk suture should be noted. 


with proportional decrease in the size of the alveolar spaces have been 
found. 

In the presence of infection, changes characteristic of pneumonia 
were noticed as well as areas in which there was a localized deposition 
of polymorphonuclears but no destruction of the center. In such cases, 
lobar pneumonia in the contiguous lobe and even on the opposite side 
was also noticed. 

In all cases, a thickening of the pleura around the stump was found. 
This thickened pleura and the adhesions are the best allies in giving 
good results. 
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The contiguous lobe or the lung on the opposite side may show any 
of several changes. It may remain normal; it may show lobar pneu- 
monia, edema, and, most frequently, an interstitial thickening. 

Secondary operations on the same or opposite side have not been 
borne well by these dogs. It is possible that the anesthetic has some- 
thing tQ do with it. Ether has been used throughout. One animal, 
which was thought to have recovered completely, was operated on 101 
days after the first operation. This dog died on the table in the middle 
of the operation. It did not take the anesthetic well in spite of the 
satisfactory anesthesia and artifidal respiration. 



Fig. 4.— Section from the stump 101 days after lobectomy. The strand for- 
mation of the alveoli at the point of compression and the gradual return to oorma 
alvcolation beyond the catgut suture should be noted. 


COMMENT 

The results in these experiments were encouraging. In only one 
case were infection and leakage of air at the stump encountered. In al 
the others, the stump remained airtight and watertight. It was notic 
that when the dogs were left alone after the operation ^ 

indefinitely, if they survived the first six days. It is ^ssible that t 
removal of a lobe or the whole lung will cause a definite strain on th 
circulation, with a subsequent acute or subacute edema ^bich ei-cntna y 
causes asphyxia in the dog. Moreover, if the wall of the chest is 
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In the symposium on treatment with oxygen in cases of pneumonia 
that was presented last year at the meeting of the Association of 
American Physicians, Binger,' Barach® and Boothby® suggested that 
the disrepute of such treatment could be accounted for by the ineffective- 
ness of former methods of administering the oxygen. They then 
described the newer apparatus, the oxygen chamber and the oxygen trat, 
by means of which it is possible to envdop tlie patient, or his head, in 
an atmosphere of any concentrat^n of oxygen desired. They demon- 
strated that with atmospheres of about 50 per cent o^qrgen, anoxemia 
could usually be controlled, and Oie patient with pneumonia improved 
subjectively; the temperature and pulse often fell dramatically. 

The present report is concerned chiefly with the treabtpent with 
oxygen in cases of postoperative pneumonia at The Mayo Qinic. Up 
to Jan. 1, 1927, oxygen had been used in only a few cases, but by 
this time a fleet of tents had been put into service, and approximately 
50 per cent of the patients in whom pneumonia developed in 1927 
were treated with oxygen. Therefore, if such a procedure has definite 
merit, it should be reflected in the mortality statistics of this year. 
The following data were noted: 

In 1927, the pathologist named pneumonia as the cause of death 
in thirty-six of the postoperative cases which came to necropsy. During 
the preceding four years, there had been an average of forty-eight 
deaths, with a fluctuation, hovrever, of from thirty-nine to fifty-six. 

♦Read before the Assodation of American Physicians, Washington. D. C. 
Maj' 1, 1928. 

♦ From The Mayo Clinic, Rochester, Minn. 

1. Binger, C A. L.: General Considerations in Regard to Oxygen Theraov 
Tr. A. Am. Plij-s. 42{301, 1927. 

2. Barach, A. L.: Acute Disturbance of Lung Function in Pneumonia Tr A 
Am. Phys. 42:303, 1927. 

S. F.; Oxj-goi Therapy, Tr. A. Am. Phys. 
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Malacoplqkia.—BeTg reported a case of malacoplaJda of the blad- 
der which had been under treatment since 1907, at which time the 
patient had passed two stones 0.3 cm. in diameter. The diagnosis was 
by cystoscopic examination. The patient returned eighteen years 
later with calculous pyonephrosis on the right side. Nephrectomy was 
followed by uneventful conval^cence. Cystoscopy three months later 
revealed the same picture in the bladder as had been noted eighteen 
years previously, except that the areas were slightly smaller and better 
defined. Berg believed that the process resulted from irritation due to 
the stones. The plaques themselves did not cause symptoms. 

[Ed. Note. — Several reports on malacoplakia of the bladder have 
appeared recently. Certain writers have suggested that they are a 
precancerous condition, others that they cause many vague symptoms. 
Tlus report of Berg is interesting in that it suggests that malacoplakia 
may be an entirely innocuous condition.] 

Grieg reported a case of a multipara, aged 30, with a suprapubic 
tumor which had grown large over a period of eight months. It was 
smooth, oval and painl^s, was not freely movable, and did not fluctuate. 
It lay between the umbilicus and symphysis. Pain in the loin, radiating 
to the thigh was present. With the assumption tliat a uterine or ovarian 
tumor was present, laparotomy was undertaken. The tumor was extra- 
peritoneal and easily isolated. There was no connection with the 
umbilicus, although there was a connection between its lower pole and 
the bladder. The patient was living and well seven years, after removal 
of the tumor. Microscopically, the tumor was found to be a spindle 
cell sarcoma. 

Twenty malignant tumors of the urachus were also noted; eight 
deaths followed surgical removal. Twelve of the twenty tumors were 
carcinomas and eight were sarcomas. 

Contracture of the Neck of the Bladder. — ^Knorr®* reported twq 
cases of sclerosis and four of contracture of the neck of the bladder in 
women. The former ran a chronic course, resulting finally in repeated 
attacks of urinary retention. In both of these cases there had been 
a previous inflammatory condition of the neck and the trigone of the 
bladder, in one case due to staphylococcus and in the other to- the colon 
bacillus. In tlie cases of contracture, which is a condition of muscular 
cramp, cystitis of the neck and trigone was also an etiologic factor. 

51. Berg. G. : Zur Malakoplalda vcsicac. Vcrhandl. d. deutsdi. ecseliscli. f. urol. 

1927, p. 306. ’ 

52. Grieg, D. M. : Report of a Case of Sarcoma of the Urachus, Edinburch 
Med. J. 34:425, 1927. 

53. Knorr, R. : Ueber Kontraklur und Sklcrose des Blascnhalscs beim Weilv 

Zentralbl. f. G>-n5k. 51:1154, 1927. ' 
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In 1927, sixteen deaths were attributed to pneumonia in cases in 
which operation had been performed on the stomach or duodenum. 
Usually the diagnosis was made at necropsy by the pathologist; some- 
times it was made by the surgeon. In the preceding year (1926), 
when little oxygen was used, the number of deaths from pneumonia 
in the corresponding group of cases was twenty-two. The deaths 
from all causes following operation on the stomach and duodenum 
fell from sixty-two in 1926, to fifty-three in 1927, a reduction of the 
mortality rate of 20 per cent, chiefly attributable to fewer deaths from 
pneumonia (table 1). 

In the hospital in which most operations of the upper part of the 
abdomen were performed, the deaths from pneumonia diagnosed at 
necropsy in 1927 were twelve (in 8,124 operations) as opposed to 

Table 1. — Operations on the Stomach and Duodenum 


Deotiis Irom Pneumonia 

DeathOi All Oanses / » • 

Operations t « v Per Cent ol 


Tear (Oases) Oases Per Cent Oases AUneatlis 

1926 1,303 62 4.45 22 30 

1027 1,482 63 8£7 16 80 


Table 2.-— Comparative Mortality in Two Hundred and Five Cases 


Treatment Started, Deaths, All Oanses Deaths, 

Days Alter , » Pneumonia 

Operation Cases Oases Per Cent Coses 

1 to 4 158 10 12 4 

S or more 47 Z5 74 18 


twenty-two (in 7,866 operations) in 1926. Oxygen had not been used 
in three of the twelve cases in 1927, and it had been resorted to 
tardily in six cases. Only three of these deaths can be attributed 
to failure of treatment with oxygen. 

We observed 205 cases of postoperative pneumonia in which the 
patients were treated with oxygen. The diagnosis was confirmed in 
most instances by roentgenograms. If this series of cases is divided 
arbitrarily into those in which treatment with oxygen was started before 
the fifth day after operation, and those in which it was started after 
the fourth day, it is shown that the mortality in the latter group is six 
times as high as that in the former group: 74 per cent as opposed to 
12 per cent (table 2). The fourth day after operation is late in many 
cases, since evidence of the onset of pulmonary complications can 
usually be detected within the first twenty-four hours after operation 
and the condition of the patients may be serious much earlier than 
the fourth day. 
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Slow and cautious dilatation of the sphincter is the suitable treat- 
ment in most cases. 

F^uh^vald®‘ found in a series of 1,300 endoscopies 372 cases of 
lesions at the neck of the bladder due to infection. Most of the patients 
were women. Specific urethritis was present in 42 per cent, of the 
cases. The type of changes are: (1) in from four to six weeks follow- 
ing infection small nodules with circumscribed edema can be seen; 
these may disappear spontaneously; (2) in three months small filiform 
and transparent efflorescences appear, and (3) in four months polyps of 
varous sizes, shape and form (finger-like, dub-like, cock’s comb-like, 
forked, and cauliflower-like) appear. These polyps are occasionally the 
Underlying cause of resistant gonorrhea; they are found even though 
the gonococcus is not present, and they may be the cause of persistent 
infection after apparent cure. These changes could only be found in 
4 of 171 control cases in which there had never been any sign of 
gonorrheal infection. Etiologically, gonorrhea plays the chief, but not 
the only part. Histologic examination shows that possibly these polyps 
are developed from preformed ^ithelial nests which multiply by irri- 
tation, usually the result of gonorrhea. 

Lesions of the Nerves . — ^McCrea conduded that the vesical symp- 
toms of tabes are of two chief dinical types : the incontinent, in wliich 
there is a definite cutting off of sensation from tlie higher centers, and 
the paretic, in which the sensory loss, although present, is not so 
apparent, being concealed by the interference with reflex function of 
the viscus. A third type exists in which the symptoms are mixed, 
but this tj'pe is rare. In the paretic bladder, the more prominent 
S3'mptoms are due to interference with the reflex function of the organ, 
and are largely the result of lesions of the afferent fibers running in 
the autonomic pelvic nerves. In the incontinent bladder, the most 
obvious sj'mptoms are similar to those of a lesion of the sensoiy 
pathway in the cord, and this sensory loss is significant in the produc- 
tion of muscle senses which are transmitted by the pudic nerves. 

McCrea suggested that tabes may rardy affect the autonomic or 
visceral nerves and the somatic sensory nerves simultaneously, and if 
it does, ne^'er to the same degree. This explains die difference between 
the pelvis and pudic nerves. The most obvious cases of tabes are 
those presenting destruction of somatic sensory fibers, but not visceral 
crises, 

54. Fruhxvald: Verandcrungen am Oriiicium internum urethrae bci Gonorrhoc 
der Frau, Dermat. Wchnschr. 84:576, 1927. 

55. 3kIcCrea, E. D.: Bladder in Tabes, Irish J. M. Sc., 1927, p. 658. 
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It is recognized that these data do not constitute biometric proof 
of the efficiency of treatment Avith oxygen. Nevertheless, in view of 
the fact that the treatment Avas gh'en in not more than 50 per cent 
of all cases of postoperative pulmonary complications, that in many 
of these the oxygen was administered late, and that there were no 
other significant innovations in the treatment of patients before or 
after operation in 1927, we feel justified in concluding that lives have 
been saved. 

In an endeavor to obtain other eAudence of the value of the 
procedure, Ave resorted to experiments on animals. Smith* recently 
reported that he had caused aspiration pneumonia in guinea-pigs and 
rabbits by the intratracheal injection of infected material. Dogs are 
resistant to sucli procedures, as Cutler and Sdilueter ® liave noted, but 
the guinea-pig proves to be surprisingly sensitive. By anesthetization 
Avith ether, exposure of the trachea by operation and intratracheal 
injections, we produced pneumonia almost constantly with streptococd 
freshly cultur^ from healthy throats. Furthermore, the pneumonia 
almost always proved fatal, most of the animals dying from extensive 
bronchopneumonia within tAvo Aveeks. A series of such e3q>eriments 
Avas conducted. In each experiment, ten or twelve guinea-pigs were 
anesthetized and inoculated in an identical manner, and then half of 
them Avere subjected itnmediately after the operation to an atmosphere 
of 50 per cent oxygen and left in this atmosphere for tAventy-four 
or forty-eight hours. The results encourage us to believe that oxygen 
properly administered is a life-saving measure. Sixty-six of seventy 
untreated guinea-pigs died within two Aveeks. Six of fifty-one treated 
guinea-pigs Avere lulled from the second to the sixth day for examination 
of the lungs; twenty-tAvo guinea-pigs died and tAventy-three survived. 
The mortality of the treated guinea-pigs is, thus, at least 50 per cent 
less than that of the untreated guinea-pigs. 

During the last four months, in selected cases on one of the surgical 
services, treatment Avith o^gen has been started immediately after 
operation and continued for from twenty-four to forty-eight hours. 
The patients chosen Avere those Avho had had recent colds, Avho w'ere 
elderly or feeble, or Avho had been operated on in the upper part of 
the abdomen; in other Avords, thty were patients concerning Avhom 
there Avas reason for apprehension in a consideration of postoperahve 
pulmonajy complications. Although this group Avas small, it is 
encouraging tliat pulmonary infection did not develop in a single 
instance. 


T.: Experimental Aspirator}' Abscess, Arch. Surg. 14:231 


4. Smith, D. 

(Jan.) 1927. 

5. Cutler, E. C., and Schlueter, S. A.: The Experimental Production of 
.Abscess of the Lung, Ann. Surg. 84:236, 1926. 
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Roeder®® pointed out that the interference with the blood 
supply of the lower part of the ureter and bladder following total 
hysterectomy, as a cause of postoperative ureteral and vesical fistula, 
deserves more consideration than it has received in the past. 

The blood supply of the inner portion of the anterior vaginal wall 
and the apposed bladder comes from branches which originate from 
the inferior vesical and uterine arteries. The uterine arteries send 
branches to surround the vault of the vagina, the anterior branches 
uniting to form a single vessel which runs forward in the median line 
of the anterior vaginal wall. This is the arteria azygos vaginae. Large 
fistulas may result from blocking of these vessels in the performance of 
total hysterectomy. 

In two patients treated by Roeder, so much bladder tissue was 
destroyed that it would have been impossible to approximate the edges 
even after extensive dissection. Roeder, therefore, made an incision 
in the vaginal walls through their entire thickness, starting 2.5 cm. or 
more from the fistula. Thick flaps were turned back to afford an 
ample supply of blood. These flaps of vaginal wall were dissected up 
to within 0.8 cm. of the margin of the fistula. The flaps were then 
united by several layers of chromic catgut sutures, the first suture being 
pulled through the wound of a previously performed suprapubic 
cystostomy and kept under slight tension to assist in coaptation of the 
vaginal flaps. The bladder was left open for drainage and a self- 
retaining catheter placed in the urethra. In the area remaining after 
the vaginal flaps had been turned into the bladder, a drainage tube was 
placed and brought to the surface paravaginally. This was done to 
prevent possible leakage of urine through the \'agina and the reestablish- 
ment of the fistula. 

The postoperative care involved irrigation of the urethral catheter 
twice daily ; the irrigation was allowed to come through the suprapubic 
tube or wound. The drain inserted paravaginally was left in for about 
ten days. Results from the operation -were satisfactory in both of 
Rocder’s cases, although one of the patients died twelve days afterward 
from chronic nephritis and hepatitis. Necropsy showed that the bladder 
was firmly united at the site of repair. 

^oung"* stated that the vaginal approach in operating on vesico- 
vaginal fistulas is not always satisfactor)'. He reported the case of a 
woman, aged 31. whose bladder was accidentally opened during the 
remoral of a hydatid mole. Eleven operations over a period of three 


Reeder, C. A.: A Technique for the Repair of Large Vcsicoraginal 
Fjsiulac. Surg. Gj-nec. Obst. 45:102, 1927, ^ 

S/. loung. H. H.: Repair of Vesicoragiiial Fistula; Presentation of New 
lustnimcni, Surg. Gynce, Obst. 45:226, 1927. 
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COMMENT' 

There is reason to bdieVe that treatment’ with oxygen has resulted 
in the actual saving of life. The good results liave occurred chiefly 
in the group of cases in which treatment was instituted reasonably 
early. Administration of oxygen immediatdy after operation and- 
before the development of pulmonary lesion promises to be an effective 
method for preventing the occurrence of serious pulmonary 
complications. 
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years had been undertaken elsewhere in an attempt to close the fistula, 
but in each instance the wound had broken down and the fistula per- 
. sisted. The patient’s health was good and renal impairment was 
not demonstrable. 

On examination, the uterus appeared to be normal. Slightly to 
the right of the median line on the anterior wall of the ^'agina was 
an area of induration with a slight depression in the center. On 
cystoscopy, about 20 cc. of clear urine was evacuated. The capacity 
of the bkdder on forced distention was about 300 cc. The trigone 
was much distorted. Running forward and outward from the right 
side of the trigone was a peculiar band of tissue whicli was entirely 
separated from the wall of the bladder, except at its upper and lower 
ends ; this bridge was entirely covered with mucous membrane. Beneath 
the band was the opening of die vesicovaginal fistula. The fistula 
could be seen from either the inner or the outer side of the bridge 
which spanned its orifice. The ureteral orifices could not be made out, 
but it was believed that the right orifice was near the fistula, and it 
did not seem wise to close the fistula by the vaginal route. 

Suprapubic operation was carried out; the bladder was opened 
extraperitoneally in the median line and the orifice of the small vesico- 
vaginal fistula was disclosed. The muscular bridge was excised. A 
small hook was made on the end of a large safety-pin. This was 
pushed tlirough the fistula and then drawn outward. One side of the 
fistulous tract was impaled on the pin and drawn upward. The fistulous 
tract was then completely excised by a circular incision under vision. 
The large opening between the bladder and vagina was closed by 
means of purse string sutures placed through the bladder. The first 
layer was through the submucosa of the vagina and did not penetrate 
through the mucosa. This suture was of heavy chromic catgut and 
was tied through the bladder, thus securing complete closure of the 
vaginal opening. The next suture was of plain catgut treated with 
mercurochrome-220 soluble and approximated the musculature of the 
bladder; this left an irregular defect in the mucosa which was closed 
in a linear direction by means of a through-and-through plain catgut 
suture tied intravensically. The insertion of these sutures, it is to be 
‘emphasized, was facilitated by the introduction of tlie index finger in 
the vagina to elevate the site of the fistula. The bladder was closed 
around a large Pezzer catheter. 

During the earlier days of convalescence, the patient lay on the 
abdomen, face downward, as suggested by Chute. Young considered 
this an important detail. On the tenth day she was allowed to lie on 
her back, but the suprapubic catheter was kept in place for three 
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BLADDER 

Tumors. — Beer,'*® at the Third Congress of the Society of Inter- 
national Urologists, stated that the employment of- high frequency 
currents through the cystoscope has given excellent results in the treat- 
ment of tumors of the bladder. There are known differences in the 
action of the unipolar and bipolar current. The unipolar is more 
explosive and of a higher tension and requires greater amperage. The 
action of the bipolar current is more useful in producing extensive 
coagulation of the pedicle of a tumor. When the bladder is open, the 
papilloma may be held up with a clamp and the bipolar current allowed 
to penetrate through the tumor, which produces coagulation that extends 
through the pedicle in the adjacent wall of the bladder. 

Beer has had excellent results in the endoscopic treatment of vesical 
tumors in 158 cases. In about 20 per cent of the cases, there were 
recurrences. Recurrences in the same site are usually due to insufficient 
destruction. 

In the operative treatment of tumors of the bladder. Beer stated 
that it is necessary to prevent implantations of tumors. He suggested 
bringing the bladder outside the peritoneal cavity for a good exposure. 
The bladder should be opened with a radio knife and the various tumors 
coagulated and removed. Results with tWs treatment were satisfactory 
in thirty-three cases; 85 per cent of the patients were apparently cured. 
He has employed radium emanation planted through the cystoscope 
in sixteen cases with successful results in 50 per cent. The poorest 
results were obtained in cases of inoperable carcinoma situated in the 

43. Beer, M. E. : Traitement des tumeurs de la vessie, par les agents physiques 
J. d’urol. 24:327, 1927. ’ 
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weeks. Complete recovery with healing of the fistula and good function 
of the bladder resulted. 

Young described several instruments for thus impaling the fistulous 
tract and elevating it under the operator’s view so that it may be care- 
fully dissected out. A thin tractor with two spreading blades, similar 
to Young’s prostatectomy tractor, but with delicate nonfenestrated 
blades, is suggested as a suitable instrument. 

[Ed. Note. — ^Vesicovaginal fistula is usually attacked from below 
through the vagina, possibly because of the success which first attended 
the operation of Sims. It is interesting to note that both Roeder and 
Young have recently reported operations .by the transvesical route. 
Certainly the expedient appears favorable to those who have failed 
with this stubbornly recurrent condition. The surgical principles of 
removing the mucous membrane in sudi a way as to prevent its regrowth 
between the vagina and bladder is well established. Eversion of the 
mucosa of the vagina into the vagina away from the bladder and 
invasion of the mucosa of the bladder into the bladder away from the 
vagina in the process of closing the defect have been emphasized in 
contemporary literature. The transvesical approach, together with 
dependent drainage of the bladder during convalescence, seems 
theoretically to be satisfactory. The experience of Roeder and Young 
seems to show that their methods are practical. 

Tuhcrculosis . — ^Ormond reported a case of severe tuberculosis of the 
bladder which failed to improve following right nephrectomy. The 
remaining kidney was almost totally Avithout function. Inguinal 
ureterostomy relieved tlie patient greatly, and function in the remaining 
kidney Avas partiall}' restored. Treatment consisted of local, general 
and medication for local effect. Numerous drugs have been recom- 
mended to be taken by mouth, such as methylene-blue, guaiacol in 5 
mm. capsules, belladonna, hyosc 3 'amus and oil of sandahvood. Helio- 
therapy, the use of tuberculin, general nutritional methods and drugs 
administered h}'podermically are also recommended. Local treatment 
has A-aried greatly. Because irrigations are painful, instillations have 
been adA'ocated. The folloAving drugs have been used: mercuric 
chloride 1 : 5,000 to 1 : 1,000; iodoforai in liquid petrolatum; 5 per cent 
guaiacol Avith iodoform in petrolatum; gomenol, from 10 to 20 per cent 
in oil; from 0.5 to 1 per cent picric acid; 5 per cent phenol; 1 per 
cent mercurochrome; 5 per cent silver nitrate; methylene-blue; iodine 
vapor and sterile air. Excision or fulguration of the ulcer is sometimes 
advised. 

Four tyiAcs of distressing intractable cases are cited in AA-hich further 
radical treatment is necessary: (1) bilateral renal tuberculosis; 
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region of the sphincter. In seventeen cases of carcinoma, deep roentgen- 
ray treatment was employed without any real cures. In certain cases, 
symptoms were amdiorated. 

Loffier ** reported twenty-two cases of resection of the bladder per- 
formed at the Krankenhaus in Vienna. Twenty of the operations were 
performed for carcinoma; one was performed for sarcocarcinoma, and 
one for ulcer. Most of the resections were carried out through a 
longitudinal suprapubic cystotomy opening under lumbar anesthesia 
produced with 5 per , cent- tropacocaine. Ureters were reimplanted in 
cases of ureteral involvement. The immediate mortality was 27.3 per 
cent, and the late mortality 14.3 per cent. 

Joseph stated that the intravesical treatment of malignant vesical 
tumors is only an emergency measure which has been frequently 
employed because surgical measures have been so hopeless. The 
so-called resection of tumors of the bladder, that is, removing part of 
the wall of the bladder, has in general given poor results: From a 
great number of cases in the literature, it has been noted that there were 
recurrences ‘following operation in from 80 to 90 per cent. In many, 
cases, the patient’s life is probably shortened by resection and made 
worse by tenesmus, fistula formation and more rapid growth and spread 
of the tumor. The only exceptions are the cases in which the tumors 
are in the dome of the bladder, the'upper aspect of the anterior wall or 
the upper part of the posterior asp^t. Tumors in these situations are 
technically easier to resect. If, however, as is often the case, the tumor 
lies in the floor of the bladder, in the neck, or between the ureteral 
orifices, satisfactory resections are not technically possible. Destruction 
and total extirpation of the bladder cannot be considered for such cases ; 
the patient with a small tumor will refuse this treatment for a continu- 
ance of the small amount of suffering, while the patient who has a 
large growth, even though consenting to the operation, has only a 
small chance of recovery. 

The resection of a tumor of the bladder is nevertheless considered 
because of the occasional cure in the dome of the bladder. This is an 
incomplete attempt at cure and is comparable to a supravaginal ampu- 
tation of the uterus in carcinoma of the body of the uterus or the 
enucleation of carcinoma of the breast without amputation or resection 
of lymphatics. Consequently, Joseph employs intravesical treatment of 
malignant tumors. This manner of treating vesical tumors has given, 

44. LofHcr, L.: Unsere Falle von Blasenresektion, Verhandl. d. deutschc 
gcsellscli. f. urol., 1927, p. 361. 

45. Joseph, E.: Die intravesicale Bebandlung borsartiger Blasengeschwulstc, 
Verhandl. i deutsche gesellsch. f. urol., 1927, pp. 323 and 364. 



1062 


ARCHIVES OF SURGERY 


(2) tuberculosis of the remaining kidney, the other kidney having been 
removed for tuberculosis; (3) failure of the bladder to clear up follow- 
ing nephrectomy even though the remaining kidney is healthy, with the 
ureteral orifice becoming strictured and hydronephrosis resulting, and 
(4) advanced genital tubwculosis in the male. For treatment, the 
following methods have been brought forth: (1) complete excision 
of the bladder with implantation of the ureter into the intestine; 
(2) simple implantation of the ureter into the intestine; (3) implanta- 
tion of the ureter to the sldn of the groin, iliac or inguinal ureterostomy ; 
(4) nephrostomy; (5) lumbar ureterostomy; (6) suprapubic 
cystotomy; (7) vaginal cystostomy, and (8) denervation of the 
bladder.] 

Ormond expressed the opimon that inguinal ureterostomy is the 
method of choice in most cases. It is easily performed, is short, 
relatively free from danger and the resulting fistula can be cared for 
satisfactorily. 

Sypinlis. — Gautier®® reported a case of syphilis of the bladder. 
Several days after an injection of bismuth, frequency of urination and 
dysuria developed. On examination, a mass was felt above the prostate; 
this was situated in the median line and gave the same sensation as 
a vesical tumor. Cystoscopic examination revealed a large mass in 
the fundus of the bladder; its apex was an ulcerated crater. All 
signs and symptoms disappeared after extensive antisyphilitic treatment. 

Gautier expressed the belief that the few preliminary injections of 
bismuth caused congestion of the bladder and attracted attention to 
that organ. He stated that cystoscopic examination should be performed 
in syphilitic patients who complain of any symptoms referred to the 
bladder. 

Paralysis . — ^According to Boyd,®® the dangers which come from over- 
distention of the bladder and tiieir accompanying genito-urinary 
infections can be overcome in cases of acute paralysis of the bladder 
by suprapubic drainage. He stated that the objections to this procedure 
worth mentioning are few and that it has many advantages. The 
abdominal distention which so often exists and the lowered resistance 
of the tissues, due to paralysis of the abdominal wall, make certain 
precautions at operation necessary. 

58. Ormond, J. K. : Diversion of the Urine in Intractable and Incurable Vesical 
Tuberculosis, J. Urol. 19:109, 1928. 

59. Gautier, M.: Gommc sj’philitique de la vessie, Presse m6d. 2:55, 1928. 

60. Boyd, M. L.: Suprapubic Cystotomy in Bladder Paralysis, J. Urol. 18: 
413, 1927. 
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he believes, satisfactory results. Aseptic tumors with only a fev symp- 
toms are excluded. Two methods are considered: thermocoagulation 
and chemicocoagulation, Joseph uses a combination of both. He covers 
the bleeding tumors with concentrated trichloracetic acid (chemico- 
coagulation), using a ureteral catheter through the cystoscope. This 
tr^tment is comparable to treatment of inoperable carcinomas of the 
uterus with zinc chloride. A large part of the tumor sloughs off with 
this treatment, the tumor becomes smaller and then becomes covered 
with normal mucous membrane; bleeding and oozing are practically 
checked. At the next treatment, the necrotic material due to the former 
treatment has sloughed off and trichloracetic acid is used again. In 
order to make this treatment more efficient, the thermocoagulation is 
followed by another treatment of trichloracetic acid, which gives the acid 
an opportunity to penetrate into the tumor. 

It is understood that cure cannot be obtained from the chemico- 
coagulation or from the thermocoagulation and chemicocoagulation. 
Joseph has, however, achieved long enduring results in some cases, 
noting that many patients have good health and ability to work even 
with an inoperable tumor. He has not observed benefit from radium 
or deep roentgen-ray therapy and stated that in the United States the 
urologists are getting away from radiotherapy. 

Privess " stated that adenomas of the bladder are not common. He 
reported a case in which the patient came for treatment because of 
hemorrhoids, but gave a history of urethral stricture, vesical distress 
and urinary retention. Urethral dilatation and cystoscopy revealed 
smooth vesical calculi and a tumor, 2.5 cm. in diameter, covered with 
normal mucous membrane near the neck of the bladder. Cystotomy 
was performed with the removal of fifty stones and extirpation of the 
tumor. Histologically, the tumor was similar to prostatic tissue and 
it was thought to be of prostatic origin. Adenomas of the bladder are 
benign, and become serious only by causing retention or hemorrhage. 
The stones were probably formed because of the obstruction to 
urination. 

Gagucau divided tumors of the bladder into four groups; (1) true 
papilloma, (2) papilloma with malignant degeneration, (3) carcinoma 
and (4) massive carcinoma. 

The treatment by deep roentgen ray, while not always producing 
cure, sometimes causes amelioration of symptoms and regression of the 
size of the tumor. The combined results of radium and roentgen ray 

46. Privess, M. : Ueber gutartige Gcschwulstc der Hamblase: Em Fall von 
C> stoadenoma jiagillarc, Trudy Idinilc voroncSslcaro universiteta, 2:125, 1927 

47. Gagucau, M.: Des tumours vesicalcs, J. d’urol. 24:469, 1927. 
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Foreign Bodies.-— Wolff reported two cases of foreign bodies in 
the bladder; in a young girl, a hairpin was found, and in a middle-aged 
man a piece of chewing tobacco. 

The diagnosis of foreign bodies can usually be made from the 
history. The symptoms are usually those of cystitis. Cystoscopically, 
besides foreign body, the mucous membrane of the bladder is diffusely 
red and the blood vessels are infected. 

Treatment may be either conservative or radical, depending on 
the circumstances. 

PROSTATE 

Hypertrophy . — ^Hunt stated tliat the combined efforts of surgeon 
and clinician are more essential in the treatment of diseases of the 
prostate than of most other diseases. Serious organic disturbances are 
sometimes associated with prostatic obstruction, and, although the 
obstruction may be the first consideration, the coincident organic disease 
must also be considered in tlie care of the patient. 

One of the most important coincidental conditions met is cardio- 
vascular disease. Willius reviewed the records in 705 cases of enlarged 
prostate and noted cardiovascular disease in 42 per cent. Arteriosclerotic 
disease occurred most frequently (43 per cent). Arteriosclerosis 
associated with hypertension occurr^ in 36 per cent. In 8 per cent 
. of the cases, angina pectoris was present. The incidence of 
cardiovascular disease is higher vnth prostatic obstruction than with 
many other diseases during the same decades, suggesting that 
coexisting cardiovascular disease is aggravated by persistent urinary 
retention. 

The frequency of this association emphasizes the necessity for 
careful examination of the heart in all prostatic cases. Electro- 
cardiographic studies are indispensable. Prostatectomy should not be 
performed in the presence of malignant hypertension, except under 
unusual circumstances. Most such patients live less than two years, 
and only 10 per cent live five years. 

Renal complications must also be dealt with in the treatment of 
prostatic obstruction. The most common complications are insufficiency 
and infection; the latter is unquestionably a contributing factor in the 
production of the fonner. With drainage of the bladder and adequate 
treatment, the infection usually subsides. It often reappears after 
prostatectomy, especially when the preoperative treatment has been 
inadequate or too brief, and it may be the cause of death. 


dcr Blascnfrcmdkorpcr, Ztschr. f. urol. Oiir. 

192 /, 

a. Hunt. V C; Reduction oi Mortality Rate in Benign Prostatic HjTcr- 
trorliy, J. Iowa State Med. Soc. 18:86, 1928. 
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are much more satisfactory. The best results have been observed in 
the treatment of papillomatous tumors. Gagucau believes that surgical 
treatment still gives the best chance for cure,- especially in cases of 
malignant tumor. Combination of surgical treatment with cautery and 
radium increases considerably the chances of success in the treatment of 
infiltrated carcinoma of tlie bladder. 

Cassuto reported a case of pyonephrosis resulting from obstruc- 
tion to the lower part of the ureter. The patient had had urethritis 
for two years and occasional attacks of hematuria and pyuria. Cysto- 
scopic examination revealed a papilloma about 3 cm. in diameter on the 
edge of the right ureteral orifice and closing it almost entirely. The 
tumor was destroyed by fulguration. One month afterward, the symp- 
toms still continued. A right pyelogram revealed extensive pyoneph- 
rosis ; drainage was instituted. 

Herman " reported a case of neoplasm of the trigone of the bladder. 
The patient, a man, aged 70, gave a long history of urinary disturbance, 
including d 3 rsuria, difiUculty and a small stream. Hematuria had been 
present for six months. The results of the general examination were 
negative. Rectal examination did not reveal enlargement of the prostate. 
It was impossible to pass a cystoscope because of an intravesical mass. 
A water-dilating cysto-urethroscope revealed a normal urethra and 
vesical neck, and a mass in the trigone, which was lobulated and 
sessile. 

At operation, a lobulated tumor was found occupying practically the 
whole trigone, with its major portion beneath the trigone. The over- 
lying thin mucosa was incised in the long axis and was found to be 
friable in the region of the anterior declivity of the tumor.' Immedi- 
ately beneath the mucosal covering, a multilobular, wdl encapsulated, 
yellowish-white mass was exposed. This consisted of a number of 
individual lobules loosely bound together but well encapsulated as a 
whole. The gross appearance of the tumor was characteristic in minia- 
ture of h 3 ’pertrophic prostatic tissue. The mass was about 3.75 cm. 
in the anteroposterior diameter, and 2.5 cm. slightly belpw the levd of 
the trigone in its greatest width from side to side. Approximately 
1.75 cm. of the mass projected above the trigone; the remaining 2 cm. 
was buried within and bdow the trigonal musculature. The main 
portion of the mass, comprising about two thirds of the growth, was 
deeply placed and well encapsulated so that it could be shelled out with 
surprising ease. There was considerable bleeding from the right anterior 

48. Cassuto, A.: Uro-pj'on^phrosc du i un papillome implantc sur Ic meat 
ureteral, Lyon. chir. 24:253, 1927. 

49. Herman, Leon: Neoplasm of the Trigone Vcsicae: a Probable Instance of 
Hypertrophic Qianges in Aberrant Prostatic Tissue, J. Urol. 19:291, 1928. 
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Experience has sho\vn that the patient witli prostatic obstruction 
is, as a rule, a poor subject for immediate operation. In 1925, 1,783 
cases were reviewed in which suprapubic prostatectomy was performed 
at The Mayo Qinic between Jan. 1, 1913, and Jan. 1, 1925, with an 
average mortality of 5.5 per cent. The deaths occurring after 
prostatectomy were studied to determine the relationship between 
preoperative preparation and the mortality rate. It was shown that 
when patients, apparently in good general health and showing few, if any 
signs of renal injury were operated on immediately without preparation, 
there was a mortality rate nearly as great as in the group of patients 
in poor general health with marked renal insufficiency and infection, 
operated on only after adequate preparation. It has been three years 
since preoperative treatment has been instituted in all cases previous 
to prostatectomy at The Mayo Clinic. Before that time 37 per cent 
of patients, because of apparently good health and what appeared to 
be adequate cardiovascular renal reserve, were considered good subjects 
for the one-stage operation without any preliminary treatment. How- 
ever, 44 per cent of the deaths after prostatectomy occurred in this 
group, and the mortality rate was 6.6 per cent. During the same 
period, 437 patients (24.6 per coit), considered the poorest subjects 
for operation, were treated by preliminary cystostomy and were 
adequately prepared before prostatectomy; the mortality rate in this 
group was 7,5 per cent. The remaining 38 per cent of patients, those 
with moderately impaired cardiovascular renal reserve, were treated 
by the installation of a permanent indwelling catheter until th^ were 
believed to be ready for operation. The one-stage suprapubic operation 
was used, and the mortality rate was 3.3 per cent. 

The mortality rate is markedly influenced by the amount of pre- 
liminary treatment. During a period of one year in which preoperative 
treatment for a minimum of ten days was adopted in all cases, the 
following data were obtained: In 225 cases, there were 6 (2.3 per 
cent) deaths. A one-stage operation was performed in 188 cases with 
4 deaths, a mortality rate of 2.1 per cent, as against a two-stage opera- 
tion in 67 cases with death in 2, a mortality rate of 2.9 per cent. 

Hunt stated that prostatectomy should never be performed without 
a period of preliminary treatment. In the majority of cases, satisfactory 
drainage can be obtained by a permanent indwelling urethral catheter. 
Vesical lesions, such as stones, diverticula and malignant tumors, asso- 
ciated with reduction of cardio^'ascular renal reserve, requiring a long 
period of preparation, still require cystostomy. Usually about 75 per 
cent of patients may be prepared by drainage through the urethral 
catheter. 

Ether as a general anesthetic presents the greatest hazards in cases 
of prostatic obstruction, not in the administration, because it has a 
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segment of the bed of the tumor. This was controlled by packing 
and sutures, the latter being so placed that the interureteric bar was 
drawn forward to the trigonal mucosa. As the latter was .necrotic and 
the underlying muscles atrophic, it was with some difficulty that the 
sutures were made to hold. The bed, on exploration bimanually, was 
found to be extensive, situated well above the prostate gland and 
sphincteric area, and to extend backward to the rectal wall, separated 
from the latter only by the capsule of the tumor. 

The bladder was closed with drainage. Convalescence was unevent- 
ful for thirty-one days; the wound had closed with reestablishment of 
normal voiding. After the patient had been up for a week, he suddenly 
became stuporous and died in uremic coma within a period of twelve 
hours. The pathologic report on the tissue removed was “benign 
hypertrophy of the prostate gland.” 

There would not seem to be any question of the identity of the 
tumor, although certain vesical tumors classified as adenomas resemble 
in minute structure benign prostatic hypertrophy. The neoplasm appar- 
ently originated within or beneath the trigonal structures, and in its 
fully developed state was situated above the prostate gland, and at a 
considerable distance from the internal sphincter muscle. The normally 
situated prostate gland was not enlarged, and the position of the tumor 
and of the cavity from whence it canie justified the conclusion that the 
tumor and the prostate gland were entirely unrelated anatomically. 
The question seemed to resolve itself into a differentiation of tumor 
originating from glandular tissue other than that comprising the prostate 
gland, of accessory glands in the region of the vesical outlet, and of 
benign hypertrophic changes in aberrant prostatic tissue. 

Comparison with the growth and development of tumors known to 
have originated in the trigonal mucosal glands justified the conclusion 
that this tumor did not originate in these structures, but, in all proba- 
bility, in structures beneath or within the trigonal musculature. The 
probabilities are that the tumor presented hypertrophic changes in 
aberrant prostatic tubules. 

Deming noted in the literature die reports of nine cases of primary 
carcinoma developing in diverticula of the bladder and reported one 
case of his own. 

The age incidence in carcinoma and diverticula was bedveen 57 and 
70 years, most of the patients being close to the age of 62. All patients 
were men. All but one of the diverticula were infected. The diverticula 
were single; five were on the left side near the left ureteral orifice, 

T Carcinoma of Diwrticulum of the Bladder, 

J. CTol. Xo:/3, 192/, 
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wider margin of safety than have other general anesthetics, but in the 
subsequent renal depression and acute pulmonary complications. 
Patients at the age when prostatectomy is usually performed are 
susceptible to the inhalation type of pneumonia and to bronchial troubles. 
Gas anesthetic, when skillfully administered, is usually satisfactory. 
Regional anesthesia minimizes the postoperative renal depression and 
pulmonary complications. 

The successful management of prostatic obstruction necessitates 
r^arding it from a general medical point of view as a systemic disease, 
not only by the urologist and the surgeon, but by the internist. The 
surgical principles involved in prostatectomy are significant, but so far 
as mortality is concerned Hunt believed that a poor operation after 
thorough medical and urologic consideration and adequate preoperative 
preparation is better than a skilful operation without preparation. 

Ponce de Leon “ favored deep roentgen-ray treatment in prostatic 
hypertrophy. He believed that if the prognosis is good, prostatectomy 
should be performed in every case. If the prognosis is poor, roentgen- 
ray treatment should be used. He does not limit roentgen ray to the 
treatment of hypertrophy, but cited four patients with clironic retention 
and vesical distention who were definitely benefited. He expressed 
the belief that radiocystitis will not result and that the blood urea 
content is not increased. Patients for roentgen-ray treatments must 
be as suitably prepared as for operation, so as to eliminate the pos- 
sibility of uremia. Deep roentgen-ray treatment increases the difficulty 
of later enucleation. He felt that it does not enhance the change of 
adenoma to carcinoma (as believed by Legueu), and if all other speci- 
mens of operative cases were carefully sectioned, the same percentage 
of malignant lesions as found after radiation could be demonstrated. 

Ponce de Leon reported a case of a patient, aged 74, whose 
preoperative diagnosis was adenoma. During the first operation, a hard 
knot was felt in the prostate gland and biopsy revealed adenocarcinoma. 
For this reason, and also because of the patient's poor health, deep 
roentgen-ray treatment was substituted for the second stage of 
prostatectomy with marked improvement. The author stated that had 
the roentgen ray been used first it would have been blamed for the 
carcinomatous change. 

Ganiissans®* wished to refute Legueu and Compar, who in sixty 
cases of prostatic hypertrophy in which radiotherapy was used found 
only slight early decongestion. He staled that the latter is false, since, 
on the contrary, radiotherapy may start with congestion and edema 

63. Ponce dc I.con. J. : Concepto urolopico actual de la radiotcrapia prouinda 
cn cl adcjionia de la prostata (Replica). Rev. mcd. de Barcelona 7:496, 1927. 

64. Gamissans, Anj^el : I-a radioterapia cn cl adenoma prostatico. Rev, med de 
Barwlona 7;4R3, 1927. 
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four near the right ureteral orifice, and one in the median line just 
behind the interureteric ligament. The size of the divertiaila ™ed 
from 2.5 cm. in diameter to tliat of a normal bladder. The vesical walls 
were much thickened and hypertrophied. Marked inflammation of the 
mucosa of the bladder was present as a result of severe infection. The 
urine was foul and contained a large amount of mucus. The symptoms 
were dysuria and obstruction extending over periods of from four 
months to three years. Interval hematuria was the outs tandin g clinical 
feature. Frequency was present in all cases, and is probably accounted 
for by the infection and inflammation of the bladder. Retention 
occurred in several of the cases. 

The diagnosis of this condition is impossible without cystoscopy. 
The symptoms do not distinguish it from prostatic obstruction and 
carcinoma of the bladder itself. A cystogram helps to make a diagnosis 
of diverticulum, but not of the indwelling tumor. The cystoscope may 
not even disclose the tumor unless it protrudes from the mouth of the 
diverticulum. Furthermore, the mouths of diverticula have peculiar 
sphincteric actions, so that unless the stoma of the diverticulum is 
observed at varying intervals or at different stages of the filling and 
emptying of the bladder, the condition might be easily overlooked. 

The treatment has been for the most part an attempt at removal 
of the diverticulum. Targett gave the data from the necropsy in three, 
of the ten cases here reported. In three cases reported by Judd and 
Scholl the diverticulum was excised, but in the fourth case the diverticu- 
lum was so adherent that excision was not attempted. Harris reported 
a case in which cystotomy was performed, but the extent of the growth 
prohibited resection. In Deming’s case, resection was readily accom- 
plished. Young reported the only cure in a case of a small diverticulum 
2 cm. in width. The carcinoma was not infiltrating and had not 
metastasized at the time of operation. 

Death occurred from twenty-five days to two years after operative 
procedures. According to Targett’s report on three necropsies, infec- 
tion, pyelonephritis and uremia were the immediate causes of death. 
Metastasis was noted in one of the cases reported by Judd and Scholl 
in the lymph nodes along the right internal iliac vessels, and in another 
case, there was a recurrence in the 'suprapubic wound after five months. 
In Deming’s case, signs of local recurrence appeared between the bladder 
and the rectum eight weeks after excision; nodules in the liver were 
also found which were thought to be an extension of the process. 

The carcinoma in Targett’s case was epithelioma. In, other cases, 
the growth was of a papillary nature. Microscopically, the section 
from Deming's case showed a tumor of a high degree of malignancy; 
the cells were angulated, reticular and contained many mitotic figures. 
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and therefore increase the difficulty which will subside after eight days 
and leave the patient improved. The cases indicated for radiotherapy ‘ 
are those of early prostatic hypertrophy with congestion, and chronic 
retention but without vesical ffistention, cases with only slight changes 
in the vesical neck and slight elongation of the prostatic urethra. The 
cases in which radiotherapy is contraindicated are those of chronic 
retention with vesical distention and marked changes in the neck of the 
bladder; these belong to the surgeon. Gamissans reported cases in 
which symptoms were riot present for five years following treatment. 
He believed that radiotherapy does not increase the ffifficulty of 
enucleation any more than the duration of time in which other changes 
may take place. Finally, radiotherapy does not enhance the malignant 
degeneration of adenomas. 

Thomas®® outlined at length the various considerations that come 
into play in the management of prostatic lesions. The (ystoscopic 
determination of the type of lesion, the amount of residual urine and 
the force with which the urine is expelled through the catheter, are 
all evaluated. 

The estimation of the urea nitrogen of the blood and the excretion 
of phenolsulphonphthalein are the most commonly used tests of renal 
function by the majority of urologists. From 20 to 30 mg. of urea 
nitrogen in the blood are considered safe values, while values above 
30 mg. for each 100 cc. are dangerous, if not prohibitive, for operation. 
Regarding the phenolsulphonphthaldn output, definite values have not 
been determined. Thomas emphasized that an output of 10 per cent 
one week, 20 per cent the next, and 30 per cent the next is a better 
iudex for operative success than an output of 50 per cent one wedc 
and 35 per cent the next. An effort should be made to establish the 
stability of renal function. In cases with injury to the kidneys, reliance 
cannot be placed on a single test. 

Thomas described what he has called the index of elimination. 
This index is computed by taking the ratio of the percentage output of 
the dye for the first and third cycles (twenty minutes each) of a 
one-hour period of major elimination. Normally, the ratio is 5:1 
and the index is said to be 5. When the quantitative output for the 
first twenty-minute period is greater than, or at least equal to, that 
of the third period, retention of urea is not present and renal function 
is invariably demonstrated as excellent. Sucdi cases are considered in 
the positive phase for operability. When the output for the first period 
is less than that for the third period, the index is obviously less than 
1, the kidneys are injured and the patient is in the negative phase. 

6S. Thomas, B. A. : Vital Factors in the Management of Prostatic Obstruction, 
Ann. Surg. 86:563, 1927. 
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rigid, a dead space is left on the side on which the operation was per- 
formed and thus exudation is induced, which may invite infection. In 
the experiments it was noticed that the less lung tissue removed the 
greater the chance for complete recovery. The method of leaving a 
certain amount of lung tissue to be used as a reinforcement over the 
bronchus is of distinct advantage. The danger of rupture in this stump 
is obviated first by the ligation of the larger bronchioles and also by the 
pneumothorax on the side on which the operation was performed. 
Another precaution is the production of temporary or permanent paral- 
ysis of the phrenic nerve at the end of the operation. This lessens the 
chance for an inspiratory suction action within the stump. If a stump 
of lung tissue is left, the pleural surfaces are approximated and thus a 
thick pleural covering is induced at the site of the resection of the lung. 
The fibrosis tliat occurs in the lung tissue of the stump adds to the 
efficiency of the operation. 

In the operations in which the whole lung is removed and the 
bronchus is left exposed, none of the foregoing factors can be mobilized 
as aids. Moreover, the circulation, the vagus and the heart are disturbed 
by the unnecessary additional handling of the bronchus and its con- 
tiguous structures. Often it was found difficult to try such methods in 
ligating and suturing the bronchus without going through all its walls. 
Even with a perfect technic, the operation is much more prolonged than 
in the procedure employed in the present experiments. With the use of 
the technic described, it has been possible to complete the operation in 
from eight to twelve minutes from the time of the incision in the skin 
till the complete closure of the wounds. Our results with this type of 
operation are not different from those of Bettman.*® The wall of the 
bronchus was found resistant, and the greatest difficulty has been in 
attempting to invert the stump. 

CONCLUSIONS 

The method described has been found satisfactory in experiments on 
the dog. It provides for a stump which eventually becomes strong and 
prevents any possibility of perforation of the bronchus. The method is 
simple, does not require any special instruments and can be finished 
in the shortest possible time. It provides for approximation of endo- 
thelial surfaces in a manner similar to operations on the gastro-inte.stinal 
tract or the blood vessels. 

10. Betmann, R. B.: Experimental closure of Large Bronchi: A Sttnly of 
the Factors Concerned in Failure of Bronchi to Heal. .Arch. Surg. 8:-118 fjan. ! 
1924. 
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TREATMENT BY CONTINUOUS TIDAL IRRIGATION AND DRAINAGE 
DEPENDENT ON NORMAL RESPIRATORY MOVEMENTS * 

DERYL HART, M.D. 

BALTIMORE 

The closed method of drainage and irrigation of an empyema cavity 
offers many advantages, chief of which are: 1. The method is simple 
and easy of operation, the insertion of a tube through a trocar under 
local anesthesia requiring only a few minutes. 2. The pressure within 
the cavity can be released at any desired rate. 3, There is little care in 
the form of dressings. 4. The cavity is not continually sucking air. 5. 
So long as the junction of the tube with the wall of the chest is air tight, 
suction can be applied, thus reducing the pressure within the empyema 
cavity below the surrounding atmospheric pressure and thereby decreas- 
ii^ the size of the cavity by expanding the lung. 

On the other hand, many arguments have been advanced against this 
method of treatment. The most important has been that the drainage 
is inadequate ; the pus, which becomes thick, and fibrin collecting in the 
tube cause a damming up of the infected fluid within the chest. This 
results in an elevation of temperature, and necessitates the removal and 
reinsertion of the tube or considerable effort to dislodge the plug which 
causes the obstruction. Each blockage with a damming up of the pus 
delays convalescence, not only by the systemic effect of the absorption of 
toxins and bacteria, with the danger of septicemia and metastatic infec- 
tion, but by the rapidly progressing positive pressure within the empyema 
cavity which delays the expansion of the lung, and at^times goes so far 
as to increase the size of the cavity by pulmonary compression. 

This positive pressure within the chest also causes the pus to dissect 
along the tube, which, in the absence of a bronchial fistuki, is the only 
avenue of escape from the infected pleural cavity. The most favorable 
course is for the pus to reach the surface, soil the dressings and dissect 
from the wall of the chest the adhesive straps holding the tube in place. 
With the infection and sloughing of the tissues about the tube, it soon 
becomes so loose that the cavity can no longer be kept air tight ; then one 
has none of the advantages of closed drainage, while the small opening is 
inadequate for open drainage. Only the unusual patient has gone for 
ten days to two weeks without having the tube changed or become 
loose, permitting air to leak in through the hole in the wall of the chest. 

♦From the Surgical Department of the Johns Hopkins University and 
Hospital. 
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By repeated determination and observation of such indexes of elimina- 
tion, Thomas believed that an accurate estimate can be made of renal 
function in a much better manner than that offered by the usual method 
of total excretion. 

In considering the cardiovascular system, Thomas noted particularly 
the blood pressure of his patients. In cases of low tension in which 
the sj'stolic blood pressure is 110 or* less, the diastolic must be more 
than 60. When the diastolic is less than 60, the systolic must be more 
than 110. In tases of high tension in which the systolic pressure is 
180 or more, the diastolic must be less than 100; when the diastolic 
pressure is more than 100, the ^'Stolic must not be more than 175, 
It is emphasized that this is not alone pulse pressure in its usual sense, 
but rather pulse pressure with systolic and diastolic limitations. 

The significance of the Wassermann test, the determination of the 
cessation time of the blood and of the blood sugar are given appropri- 
ate attention. Anemia is frequently found and must be overcome in 
preoperative treatment. The nervous system comes in for consideration 
with the possibility of tabes, multiple sclerosis, etc., as complicating 
factors. ‘ Thomas reported cases in which the functional nervous 
disorder, uncontrollable fear of death, was an evil operative omen. 
Rarely will the pulmonary or gastro-intestinal symptoms present 
features which contraindicate operation, but usually any sudi symptoms 
may be overcome, especially if caudal and transsacral anesthesia arc 
used. Age in itself is never prohibitive if the patient’s organs can be 
brought to function property. 

Thomas fawred suprapubic prostatectomy when the gland is greatly 
enlarged or when intravesical complications such as stone, diverticula, 
or trigonal hypertrophy exist. When tlie hypertrophy is confined to 
one or both lateral lobes or the gland is small, fibrotic and presumably 
adiiercnt, undoubtedly it should be renroved by the perineal route. 
Again, in the group of patients who have the bar or glandular type of 
obstruction, some form of punch operation or excision with tlie electric 
knife is indicated. Thomas advocated, in many such cases, the removal 
of orificial obstruction by means of the punch or rongeur, supia- 
pubically, as it is more effective and thorough, and there is less danger 
from infection and hemorrhage than by the urethral route. 

As indications for primaty cj’stotomj" and secondary' prostatectomy 
ratlier than the one-stage operation after catheter drainage, Thomas 
named: (1) marked cystitis, (2) intravesical complication such as 
stone, tumor, clots, and so forth, (3) epididymitis, (4) stricture and 
.^omc cises of false passage of the urethra, (5) unusually small or 
s«isitive urethra, (6) unusually obstructive or impassable prostate and 

(/) febrile cases or catheter cases in which urethral fever and chill 
ilcvclop. 
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dissection along the innermost layer of tunic, infiltrating the lowest 
portion of the sac wth anesthetic, if necessary to block the pudic nerv^es. 
The mass is then delivered tlirough tlie wound and incised from end 
to end. The redundant tunica vaginalis is excised and complete 
hemostasis is obtained by a running suture in the tunica vaginalis if 
necessary'. The remaining edges are everted and sutured behind the 
cord. Hemostasis is carefully watched and the testis is replaced in 
the scrotum. The wound is closed without drainage. A small gauze 
dressing and a special hemostasic bandage are applied. 

Complications, such as hemorrliage, infection, involvement of the 
testis, or recurrence of the condition, may ensue. Hematocele, if 
large, requires evacuation. Admonition as to the utmost care in asepsis 
is given. Scrotal edema may occur at times. Testicular involvement 
may be immediate in the form of traumatic ordiitis or postoperative 
infection, and later there may be atrophy. In eight cases of this series, 
testicular involvement called for orchidectomy. 

The average period in tlie hospital in this series was 9.3 days. 
Two patients died of brondiopneumonia following operations under 
local anestlresia. 

Recurrence as quoted by Bruns was approximately 2.4 per cent. 
Campbell examined thirty-three cases of tliis series. In four a slight 
collection of fluid at the upper pole apart from the testis was noted. 
In two cases, there was definite recurrence. At the second operation 
it was found that two layers of the tunica vaginalis were glued together 
in the formation of a cyst, not involving the testicle but just above it. 

[Ed. Note. — ^This is an excellent review of a common and much 
inflected lesion. As Campbdl pointed out, the procedure of choice 
IS alu'ays open operation ; recurrence of the condition is three times as 
.severe after tapping and injection. Tlie latter methods seem somewhat 

obsolete but it is sometimes necessary to consider them in individual 
cases.] 

Varicocele. — ^Bate*^ reviewed the literature on varicocele carefully. 
Petit was the first to describe varicocele as one of the symptoms of 
renal tumor. In 1881, Guyon and Morris gave clear accounts of cases 
of this condition. Bate reported fourteen cases of varicocele and renal 
tumor from the records of the Massachusetts General Hospital. From 
these he found that varicocele is a late sign and carries with it a poor 
prognosis. Only 28 per cent of his patients were temporarily relieved 
'> operation. The condition is probably not often noted in early 

^ For description of this unique bandage reference is made to the origin.*!! 
article (footnote 79). 

81- Bate, J.; Symptomatic Varicocele, J. Urol. 18:649, 1927. 
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For an anesthetic, much depends on the case. An absolute rule is 
not given. In certain cardiovascular, renal and pulmonary cases spinal, 
regional, or other forms of local anesthesia, unquestionably should 
be used. Most patients, if properly prepared, stand general anesthesia 
under gas or even ether well, much depending on the efficiency of the 
anesthetist. 

Hemostasis is satisfactorily obtained with suture of the bleeding 
points at the time of operation. The use of the pneumatic bags of 
Hagner, Pilcher or Ballenger is advocated; packing of the prostatic 
fossa is the least desirable method. 

Ligation of the vas as a preventive of epidid}'miti5 is regarded as 
unnecessary in most cases. Suction drainage is not used. 

Postoperative care is held in equal importence with preoperative 
treatment. Sodium chloride and dextrose solutions, diuretics and 
cardiac tonics, Specially digitalization, save many lives. The importance 
of vesical irrigations in the presence of infection and of general hygiene 
of the bladder in the prevention of pyelitis and pyelonephritis is 
emphasized. These old men should not be forced out of bed too soon. 
Many complications of epididymitis and a few of phlebitis and embolism 
will thereby be avoided. 

[Ed. Note. — While there are details with which some may disagree, 
Thomas has reviewed many features of handling prostatism which show 
experience and sound judgment. His description of the value of deter- 
mining an index of elimination, his evaluation of blood pressure read- 
ings and his indications for the, two-stage procedure are particularly 
appealing and seem worthy of practicing. It is to the credit of urology 
as a specialty that a low operative mortality has been achieved in 
what appears to be and has been the poorest sort of surgical risk. 
The low mortality rate has been the result of the many improvements 
in operative technic and the conscioitious and detailed physiologic and 
biochemic studies during the periods preceding and following operation.] 

Lowsley and Harrah reported the unusual case of a man, aged 32, 
who had had urinary obstruction due to prostatic tumor for three 
months and was admitted to the hospital with complete urinary reten- 
tion. Catheter drainage and prdiminaiy care were followed by 
c 3 'stoscopy, which revealed enlarganent of the prostate. Suprapubic 
cystostomy was performed at which time a piece of the tumor was 
removed for examination. Fourteen daj'S later, the prostate was 

66. Lowsley, O. S., and Harrah, F. W.; Enlargement of the Prostate Gland 
with Characteristics Resembling Hodgkin’s Disease: Malignant Granuloma, Ann. 
Soi^. 86:556, 1927. 
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examinations because the patient is examined while recumbent. Throm- 
bosis and tumor in the left renal vein occur with and without varicocele 
and are probabty significant etiologic factors. Enlarged lymph nodes 
were recorded in one of the cases in which operation was performed. 
Pressure from the tumor would account for the varicocele in several 
cases. 

Although many writers refer to varicocele as a symptom of lesions 
other than malignant tumor, the records of the. Massacliusetts General 
Hospital do not bear this out. One case was reported from the 
literature, in which varicocele occurred with severe pyonephrosis. 
Although symptomatic varicocele is a late sequel and carries with it a 
poor prognosis, in properly selected cases the diance for temporarj' 
relief should not be denied the patient merely because s 3 miptomatic 
varicocele is present. When a suddenly developing varicocele is noted 
in a patient of advanced age, renal tumor should be considered. 
Varicocele occurred in 20 per cent of the cases of hypernephroma and 
in 11 per cent of all malignant tumors of the kidney; it was the present- 
ing symptom in 30 per cent of Bate’s cases. 

Epididytnitis. — Wade,®® in discussing treatment, divided vaso- 
epididymitis into five stages according to clinical symptoms and 
pathologic manifestations. 

In the first stage the patient usually presents himself complaining 
of pain in the groin and along the course of the vas deferens; there 
is a general feeling of malaise, whicli indicates that vasitis is present 
and the descending infection will soon involve the epididymis. The 
patient is immediately put to bed without further local treatment to 
the urethra or prostate, ice is applied to the painful area and 15 grains 
(0.972 Gm.) of calcium chloride is administered intravenously. This 
is repeated daily until the pain disappears. At this stage, a vas puncture 
with injection of the seminal vesicle on the affected side can be done 
satisfactorily. This is an attempt at abortive treatment. 

The second stage is that in which the epidid}rmis has become 
involved ; there is slight swelling, tenderness and pain along the course 
of the vas deferens, and general malaise. Such patients also are sent 
to bed; calcium chloride is given daily intravenously; the scrotum is 
elevated and cold applications are applied. Diathermy may be used to 
good advantage. The epididymitis may subside at this stage or it may 
pass into the third stage. 

In the third stage, tliere is considerable enlargement of the 
epididymis and all the symptoms are much more severe than in the 
previous stage. In some of these cases Wade expressed the belief 

82. Wade, H. K.: Treatment of Acute Gonorrheal Epididymitis with Special 
Attention to Prevention of Azoospermia, J. Urol. 18:427, 1927. 
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removed under regional anestheaa. At one point the prostate had 
infiltrated the prostatic capsule and malignancy was suspected. 
Microscopic examination of the growth showed newly formed 
granulomatous tissue, rich in plasma cells and containing mononuclear 
giant cells suggestive of the Sternberg type, and eosinophilic leukocytes. 
An inguinal lymph node, ranoved for section, showed simple chronic 
lymphadenitis. 

The microscopic picture suggested a granuloma of the type of 
Hodgkin’s disease and relative l)'mphocytosis. However, other features 
of Hodgkin’s disease, which are carefully outlined by the authors, 
were wanting. • 

The unusual condition of complete urinar}' retention due to solid 
prostatic tumor in a patient, aged 32, is emphasized; a case of the 
kind had not been reported previously. The gradual onset of symptoms 
exhibited by the patient is similar to those described in most cases 
of adenomatous enlargements of the prostate in old men. The usual 
and frequent painful urination culminated in complete retention of 
urine rather more rapidly than in most cases of adenoma. 

[Ed. Note. — The histologic picture presented is even more uncom- 
mon tlian the rarity of prostatic obstruction in early adult life. Sarcoma 
of the prostate occurs much earlier and cancerous neoplasm mucli 
later than the age of 32. Furthermore, Hodgkin’s disease rarely affects 
the prostate. Tuberculosis, a condition at times confused with 
Hodgkin’s lymphadenosis, was considered but none of the features of 
tuberculosis w'as present. Unfortunately, the follow-up record of the 
patient is not mentioned. This might reveal further interesting informa- 
tion in this most rare clinical and pathologic picture.] 

Legtwu reported a number of cases of hypertrophy of the vesical 
neck. The hypertrophy involved not only the fibromuscular and 
glandular tissue, but also all the other tissues which comprise the vesical 
neck. Usually symptoms of retention are present over a long period. 
Legueu considered the glandular hypertrophy as a mild type of prostatic 
disease. In prostalic disease various types of adenoma may be found. 
There may be adenomas which weigh only a few grams, some that 
are barely iterccptible to the eye and others so small that only the 
microscope can establish their existence. Functional symptoms are more 
marked and appear earlier in fibromuscular hypertrophy than in 
glandular hypertrophy. .'\t times these hypertrophied areas contain 
histologic signs of secondary infection. Excision of the neck of the 
hlidder is the best treatment for this condition. 


«>/. Upittfu; l.’hj-pcnrophic du col vC-sical. Bull. Soc. franc, durol. 6:222, 1927. 
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that he is justified in prescribing rest and using the expectant treatment 
outlined, but in many cases the Hagner operation should be performed. 

In the fourth stage, the epididj-mis is enormously enlarged with 
more or less severe orchitis and hydrocele. The temperature is elevated 
and leukocytosis is marked. The patient is toxic and suffers intensely. 
In all such cases, the radical or surgical method should be carried 
out early. 

Azoospermia can be prevented in a large percentage of cases by a 
carefully performed epididjTnotomy in selected cases. 

Gurewitsch discussed two cases of gonorrheal funiculitis. 
Clinically, the s 3 ’mptoms were peritoneal and suggested the diagnosis 
of strangulated hernia. In both cases the aponeurosis was split down 
to its lowermost layer to obviate any stasis, and the entire funiculus 
freed in layers. Closure was then carefully made, and healing occurred 
in eight daj'S. Hernias did not result. According to Gurewitsch, 
operation hastened healing. 

Urogenital Tuberculosis . — Marion ** has performed 1,267 operations 
for genital tuberculosis since 1908. He has found the testis affected in 
alxjut a tenth of these cases. In the remainder, the infection was 
localized to the epididymis. 

Epididymectomy, which is more difficult to perform than 
nephrectomy, is possible even in advanced cases. In order to prevent 
the formation of fistula, Marion divides the vas and fixes it to the skin. 
The wound is left partly open. Cicatrization usually proceeds rapidly. 
He considers general postoperative treatment, such as good air, sun- 
light and ultraviolet lights, important. He also uses so-called antigen 
of Negre and Bouquet (apparently a tuberculin treatment), prepared 
at the Pasteur Institute. Castration is performed only as a last resort. 

Wildbolz,'= in discussing the treatment of urogenital tuberculosis, 
.•statcil that he has obtained satisfactory results by epididymectony' com- 
bined with general postoperative treatment. More than 60 per cent 
of his patients were definitely cured, while 20 per cent died of pul- 
monary. renal, or other forms of tuberculosis. In order to save the 
testis, ^^’ildl)olz recommended early epididymectomy as the treatment 
of choice in cttscs of acute cpididyniitis. 

CholtsoiT»« stated that tuberculosis of the prostate and vesicles 
usually .'iccompanics tuberculosis of the epididymis. Isolated luber- 


G. M.: Z«r chirurpischen Ri-bandliinpr poiiorrlioiscber Funiku- 
litiilon, Zomralhl. {. Our. 54:1225, 1927. 

_ W MarinK Traiimcnt dc la tubcrculoM* Bt-nhalc clicz rhomme. J. d’nrol. 24: 
25S, l‘*27. 

: TmiTtnu-m dc la iuIktcuIoh* Bcnitalc chez rhomme. J. d’urol. 
OinhM.t! TislK'tcuhi'c nri»-scnrta!c. .1. «rurfi1. 24:-04. 1927. 



1070 


ARCHIVES OF SURGERY 


Kreutzmann “ noted that altliough hydro-ureter and hydronephrosis 
have long been assodated with obstructive urethral lesions the 
mechanism of formation of the dilatations is still an open question. 
His investigations have demonstrated that ureteral reflux is not common 
in obstructive lesions of the vesical neck and urethra. Reflux usually 
is unilateral and dilatation of the ureter and renal pdvis has even been 
demonstrated on the intact side. 

Kreutzmann expressed the opinion tliat his investigations tend to 
substantiate Tandler and Zuckerhandl’s theory that the dilatation of the 
upper part of tlie urinary tract is due to the yas deferens. Kreutzmann 
conduded that (1) in cases of 4iypertrophied prostates, ‘hydro-ureter 
and hydronephrosis may. occasionally occur as a result of the kinking 
of the ureters by the vas deferais; (2) the most common cause of 
dilatation of the upper part of the urinary tract in obstructive lesions 
of the vesical neck and urethra in adults is constriction of the intramural 
portion of the ureter; (3) this constriction is due to hypertrophy of the 
musculature of the bladder surrounding the ureters ; (4) reflux is not 
common in these conditions, and when present, it is caused by an 
infection in the ureter resulting in a stiffening of its intramural portion, 
and (5) reflux is a terminal and not a primary phenomenon of prostatic 
hypertrophy and urethral stricture. 

Alyea pointed out the high incidence of epididymitis in cases of 
prostatic obstruction. This inddence is reported by White of London 
as 82 per cent, whidi is an unusually high percentage as White induded 
many cases of slight induration as true epididymitis. From other 
reports, it would appear that about 40 per cent is a correct estimate 
of the occurrence of this complication. . 

Alyea pointed out the practical importance of preventing both 
preoperative and postoperative epididymitis in cases of prostatic obstruc- 
tion. Statistics from various dinics emphasize the far too frequent 
occurrence of this complication. The advance in methods for its pre- 
vention was traced through seminal vesiculectomy, ligation of the 
ejaculatory ducts, to ligation of the vas in the scrotum by a closed 
method. It is demonstrated that the time for ligating is not at the 
operating table after the patient has already been handicapped by 
present or latent epididymitis, but at the time of his admission to the 
hospital, before urethral instrumentation or the insertion of a retention 
catheter. This is strongly advised for adoption as a ward routine in 
all cases of prostatic obstruction. Tp make this practicable, he has 

68. Kreutzmann, H. A. R. : The Cause of Renal Back-Pressure in Obstructive 
Lesions of the Urethra and Bladder Keck, J. Urol. 19:199, 1928. 

69. Alyea, R P.: Vaso-Ligation a Preventive of Epididjinitis Before and 
After Prostatectomy, J. Urol. 19:65, 1928. 
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culosis of the prostate might sometimes occur, but isolated tuberculosis 
of the vesicles is never seen. Epididymectomy is indicated in advanced 
cases or in cases in which the disease is progressing rapidly. If a 
portion of the testis is also infected, this part should be removed. 
Epididymectomy and orchidectomy favorably influence prostatovesicular 
tuberculosis. In advanced cases, it is necessarj' completely or partially 
to remove these organs. The perineal route is usually the more desirable 
one. 

Abricosoff®’' stated that in the majority of cases tuberculosis of 
the urogenital system develops from hematogenous metastasis from a 
primaiy pulmonary focus. 

URETHRA . . 

Tumors. — ^Wurmser®® stated tliat carcinoma of the urethra is 
observed in the perineoscrotal, penile and balanic urethra in decreasing 
frequency. Two significant elements in the etiology seem to be chronic 
gonorrhea and the transformation of urethral pol3'ps. Carcinoma of- 
the glands and of the balanic urethra both develop from squamous 
epithelium. In the deep urethra the cells are of the cylindric t3rpe. 
Metastasis is common, especially to the lungs. Disturbances of 
micturition are usually the first symptoms; others are tumor, pain, 
hematuria, discliarge, fistulas and adenopathy. The diagnosis and 
differential diagnosis are thorouglily discussed. Death in from six 
months to one year is the usual result in untreated cases. 

[Ed. Note. — Usually carcinomas in the posterior urethra of the 
male, although developing on a cell that is somewhat cylindric, infre- 
quently have squamous cell characteristics. Some of the cases reported 
by Wurmser were of short duration and death occurred shortly after 
the first appearance of trouble. In several cases reported by other 
observers, the appearance of the carcinoma was preceded by long periods 
of urinarj' difficulty and irritation. The tumor formation is somewhat 
analogous to the long standing premalignant stages preceding the 
development of squamous-cell tumors of the urinary bladder. Konig 
reported a case of urethral carcinoma developing after urinary obstruc- 
tion of forty-eight years’ duration, and Oberlander noted a somewhat 
similar case developing after forty years of urinary difficulty. Infection 
is unquestionably an important factor in the formation of these urethral 
growths. Infection usually progresses to the point of stricture and the 
malignant changes come later. Traumatic strictures also have the same 
malignant potentialities as those of infectious origin. The majority 

87. Abricosoff: Tuberculose uro-genitalc, J. d’urol. 24:463, 1927. 

88. Wurmser, Raymond: L'epitbelioma primitif de I’uretre pdrineal chez 
riiommc, J. d’urol. 24:497, 1927. 
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described in detail the technic of ^-asoligation through tlie skin, without 
an anesthetic, which is done in bed or in the ward treatment room. 
At the Brady Urologic Institute, the vas has been ligated in fifty 
cases of prostatectom}* according to the procedure, and the percentage 
of occurrence of epididymitis is four. They believe, therefore, that if 
this regimen is adhered to rigidly the occurrence- of preoperadve as 
well as postoperative epididymitis in the treatment of prostatic obstruc- 
tion can be practically eliminated. 

[Ed. Note. — Many urologists are now employing some type of 
\’asoligation as a routine. If done early enough, this simple procedure 
usuall}' prevents epididymitis and in some cases it may save life.] 
Scott’® reviewed the dangers of rapidly emptying the chronically 
overdistended bladder and the various methods of decompressing such 
bladders more slowly. According to his observations, the best results 
arc obtained by taking a relatively short time to empty the bladder, 
namely, about twenty-four hours. To accomplish this, he has suc- 
cessfully used an ordinar)' olive-tipped ureteral catheter. Decompression 
by means of a ureteral catheter has been used only as an emergency 
measure in his clinic. It has been of spedal value in those cases of 
carcinoma of the prostate in which the lumen of the prostatic urethra 
was so markedly decreased in size that it was impossible to pass anything 
larger, than a filiform. In such cases the ureteral catheter also acts 
as a dilator, and it is possible, by inserting larger catheters every two 
days, to dilate the urethra rapidly so that a soft rubber catheter can 
be passed within a short time. The method also proved to be satisfactoiy 
in the case of a small boy having acute paradoxic incontinence due 
to the presence of a congenital urethral valve. 

Because of the satisfactoty results obtained by tlie apparatus now 
in use for decompressing the bladder in the presence of retention due 
to simple benign prostatic hypertrophy, the ureteral catheter has not 
been used in such cases. However, there does not seem to be any 
good reason why this method could not be used if decompression of 
the bladder is otheiwisc impossible. 

Tubcrcithsis. — Bothe,” in searching the literature, found only nine 
cases of tuberculosis of the prostate gland without demonstrable 
coincident tuberculosis elsewhere in the genito-urinaiy' tract, and to 
these he added a tenth case. In four of the cases, the prostate had 
undergone hypertrophy. His case presented the usual signs and symp- 
toms of benign adenomatous h>-pertrophy of the prostate. Pros- 

tte»np,„rio„ of ,hc Bladder ™,l. , Urctoral 
dl. Rothc. .\. E.: Primary Tuberculosis of the Prostate. J. Urol. 18:494, 1927 . 
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of carcinomas which follow long standing infection and trauma occur 
in men of the cancer age and commonly occur at the usual site of 
stricture formation in the cavernous and membranous urethra. 
Occasionally they occur in the penile urethra, but rarely in the fossa 
navicularis. Of forty-two cases of carcinoma of the male urethra 
reviewed by Preiswerk, thirty-eight were in the membranous or 
cavernous wethra. Wurmser stated that metastatic growths are com- 
mon, but it has been the experience of other obser\’ers that metastasis 
only occurs in the later stages. When secondarj' deposits occur they 
have the same tendency to remain localized in the primary glands as 
do those arising from epitheliomas of the penis. In young men, car- 
cinoma is more likely to be papillary than squamous cell, and the long 
prcmalignant period of trauma and infection is generally absent. 
Papillary carcinomas in most reported cases were extremely malignant; 
they rapidly infiltrate the surrounding tissues and metastasize freely. 
HtJtchison reported a case of a man, aged 22, with papillary carcinoma 
of the urethra; ulceration through the body of the penis occurred 
three weeks after the onset of swelling and obstruction. Six weeks 
after the first symptoms tlic regional glands were involved.] 

Epispadias . — Sexton stated that epispadias in women rarely occurs. 
Lower noted only forty-three cases in the literature up to 1922, He 
added one to the number. Sexton reported the case of a woman, aged 
27, with marked separation of the labia minora and labia majora, rudi- 
mentary clitoris, an intact urethral sphincter and diastasis of the 
symj)hysis, but not associated with incontinence. Treatment was not 
attenqited. 

Priapism . — ^McKay and Colston stated that true persistent 
priapism is rarely noted. Hinman had reviewed 170 cases up to 1914. 
They searched the literature carefully and found 22 others, making the 
total 192 cases. It was noted that if the erection persists for two days 
or more throml)osis is present in the corpora which in itself is sufficient 
to susi.ain the erection. Hence, if the underljdng cause is treated suc- 
cessfully the erection will persist until the clot in the corpora is disposed 
of either l)y absorption or by evacuation. The immediate relief of 
the patient’s symptoms dei)ends on the collapsing of the penis by empty- 
ing it of this clot. It is, therefore, advocated that the erection be first 
relieved and the etiologic factor treated later. Various medical measures 
have been tnihVed. The use of sedatives, narcotics and hypnotics are 
usually t>f no :iv;ijl. Deep anesthesia has been tried, and spinal 
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tatectomy was performed. On microscopic examination of the removed 
gland, a tuberculous focus was found. Other evidence of tuberculosis 
was not found. Tuberculosis of the genito-urinary tract forms about 
5 per cent of all tuberculous cases found at necropsy and evidence 
of pulmonary tuberculosis is frequently found associated with genito- 
urinary tuberculosis. The prostate is frequently the seat of an associated 
tuberculous lesion when the other genito-urinary organs are pr imar ily 
infected, but tuberculosis of the prostate, as a primary lesion in 
genito-urinary tuberculosis, is exceedingly rare. Hypertrophy may 
follow a tuberculous lesion of this gland. 

[Ed. Note. — ^Primary tuberculosis of the prostate is a rare condition. 
Grossly, it sometimes resembles carcinoma, particularly after the speci- 
men has been removed, hardened and sectioned. Qinically, other 
symptoms, of urinary infection usually distinguish this condition from 
malignancy. With secondary tuberculosis, the prostate u^ally becomes 
hard, small, fibrous and slightly nodular.] 

Prostatic Secretion . — ^McCarthy and his associates reported data 
regarding the chemical composition of the prostaticovesical secretions 
of normal young men. These ^cretions contain an unusually high 
concentration of calcium, inorganic phosphorus, “hydrolyzable” phos- 
phorus and amino nitrogen. It is believed that the amino nitrogen 
and hydrolyzable phosphorus may be partly in the form of spermin. 

The sugar concentration showed marked variations. The sugar 
content of fresh semen greatly exceeded that of blood. Glycolysis 
was observed during incubation of the semen at 38 C. for from nine 
to twelve hours. The decrease in sugar was accompanied by a rise 
in lactic acid. However, the amount of lactic acid formed does not 
account for all of the sugar lost. It is probable that glycolysis is a 
phenomenon attributable to living spermatozoa, and that the lactic acid 
is an intermediate product in the utilization of sugar. 

A study of the hydrogen-ion concentration of the semen during 
glycolysis demonstrated an efficient buffer mechanism in this fluid. 

TESTIS AND EPIDIDYMIS 

Tumors of Testis. — Morris’’ gave a general discussion of the pres- 
ent status of the theories and classification of testicular tumor. Ewing 
stated that all tumors are teratomas; Chevassu maintained that there 
are t^vo classes of testicular neoplasms differing essentially in cell mor- 

72. McCarthy, J. F.; Stepita, C. T.; Johnston, M. B., and Killian, J. A.: 
Biochemical Studies of Prostate- Vesicular Secretions, J. Urol. 19:43, 1928. 

73. Morris, J. H.: Malignant Tumors of the Testicle with Special Reference 
to Classification, Arch. Surg. 15:530 (Oct.) 1927. 
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anesthesia in early cases. The latter should be effective provided throm- 
bosis has not set in. 

Surgical treatment is carried out as follows: (1) radical amputation 
if the erection is sustained by the presence of a local malignant 
neoplasm; (2) ligation of the dorsal arteries; (3) division of the 
iscliiocavemosus muscles in the perineum and the arteries and nerves 
that pass through them, and (4) incision into the corpus Aavernosum 
and evacuation of the contents of both sides. 

' McKay and Colston reported three cases with favorable results. 
They advocated and used the method of aspiration of the corpora, 
under local anesthesia. This procedure can be repeated several times 
if priapism returns. 

McKay and Colston concluded that the easiest method of evacuating 
the blood clot in the corpora is by aspiration. It may be done with 
minimal danger. There are no contraindications to its frequent employ- 
ment if necessary. The method of aspiration produces much less trauma 
to neurovascular mechanism producing erection than more radical sur- 
gical procedures, thereby enhancing the probability of subsequent normal 
erections. 
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pholog}’ and histogenesis: (1) embr 3 'onal, distinguished by their 
heterologous, at^-pical structure and embryonal origin, and (2) the 
simple, homologous, unicellular growths arising from fully diflFeren- 
lialed adult tissues. Because of the controversial nature of the field, 
a case was reported which was of especial interest since embryonal 
adenocarcinoma and seminoinatous tissue were found coexisting. Mor- 
ris, therefore, concluded that: (1) the large cell tumor of the testis 
is of the embryonal type, (2) the theor 3 ' of invariable unicellular 
or homologous nature is herein disproved and (3) the evidence adduced 
from this case substantiates Ewing’s theory of teratomatous origin. 


[Ed. Note.— The evidence is slowly gathering in favor of Ewing's 
theory of the teratomatous origin of malignant testicular tumors. 
Universal acceptance of this theory would tend to end the confusion 
which characterizes the classification. Although the classification of 
testicular tumors has been greatly simplified through the classic 
investigations of Wilms, Ewing and others, two opposing schools have 
arisen, one maintaining that “for practical purposes there exists only 
tumor of the testis, namelj', a teratoma” (Ewing, O’Crowley and Mart- 
land, Wilms, Pick, Ribbert) and the other, that besides the teratomatous 
group, there is a large proportion of testicular neoplasms which are 
purely homologous or single cell tumors (seminomas) derived from the 
cells of the spennalic tubules (Chevassu, Frank, Scliultz and Eisendrath. 
Sakaguchi, Vecchi, Geist and Tlialheimer, Hardonia and Patel). The 
recording of such reports as those of ^lorris and Hinman, Gibson and 
Kutzmann will in time effect a reconciliation of these opposing schools 
and eradicate much of the confusion in their classifications. The 
teratoma of the testis is a tumor of tridermal origin, and the unicellular 
t\-pe of tumor, such as the seminoma, can be considered .an overdevelop- 
ment of one tissue in a tridermal growth. Hence the term “teratoma 
testis" should be usctl inclusively, and. as such, signify all types of 
degeneration. It is well to remember that in general the malignant 
elements in mixed tumors arc almost uniformly epithelial and therefore 
carcinomatous in nature, and that these carcinomatous elements in the 
teratoma are generally amenable to classification into one or more of 
three groups: (1) trophoblastic (chorio-epithelioma), (2) hvpoblastic 
(adenomatous tyi>c), and (3) cpiblastic (solid alveoli of basal cell 
tyjie anti tumors of the iieurocj’toma group)]. 

Proust •* reported two cases of .«cminomatous tumors of the testicle 
.»b>erve<l by Proust and Mallet in 1922. in which rapid absorption was 
tibiametl with hard roentgen rays. In the first case there was a swellin" 
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of the right leg, which was believed to be phlebitis, but which disap- 
peared rapidly following radiotherapy. Since there have been similar 
cases, Proust assumed that the condition was due to obstruction of the 
lymph channels by carcinoma cells. In order to prevent the obstruction 
of the lymph channels and the formation of metastasis, soft rays were 
used which minimize roentgen-ray burns. In six cases of seminoma, 
the duration of life was lengthened fourteen, nineteen, thirteen and 
twelve months, and two patients are alive ’ two and three years 
respectively since b^inning treatment. 

Pearlman reported a case of torsion of an undescended abdominal 
testicle associated with malignancy. In patients, aged 18, undescended 
testicles are doubtless more prone to malignant change and torsion than 
are normally placed testes. Pearlman’s case is of interest in that both 
conditions are seen in the one case. 

Valdoni^** stated that tumors of the genitals range as follows in 
the order of frequency: testis, epididymis, vas deferens,' seminal 
vesicles and tunica vaginalis. He described a case of a small cell 
sarcoma of the dividing membrane of the scrotum in a boy, aged 17, 
which developed one and a half years after the scrotum had been 
injured by a hoof. Castration with complete extirpation of glands to 
the renal hilum was carried out. Metastasis occurred shortly 
afterward. 

Chwalla stated that sarcomas are the most common of tumors of 
the spermatic cord and lipomas are next in frequency. The literature, 
mostly French, reports about twenty-four cases. Chwalla reported a 
case of fibrosarcoma of the spermatic cord. The tumor was a rapidly 
growing spindle cell fibrosarcoma with giant cells and apparently 
originated either from the tunica vaginalis or the connective tissue 
between the cremasteric fibers. 

Diagnostic Aspiration . — ^Huhner ” reiterated his advocacy of aspira- 
tion of the testis as a prognostic and diagnostic procedure in sterilit)'. 
He expressed the belief that operation should not be undertaken for 
relief of obstructive sterility without first aspirating the testis, to 
ascertain whether or not spermatozoa are present. 

75. Pearlman, S. J. : Malignancy in an Undescended Abdominal Testis with 
Torsion. J. Urol. 18:637, 1927. 

76. Valdoni, P.: Sarcoma primitivo della vaginalc de testicolo, Policlinico 84: 
244, 1927. 

77. Chwalla, Rudolf : Ein Fall von Fibrosarkom des Samenstranges, Ztschr. f. 
urol. Chir. 28:419, 1927. 

78. Huhner, Max: Aspiration of the Testicle in the Diagnosis and Prognosis 
of Sterility. J. Urol. 19:31, 1928. 
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//yrfrocc/c.— Campbell analyzed 502 cases of hydrocele observed 
at the Bellevue Hospital. He pointed out that hydrocele in infants 
is rare, practically always congenital and associated with hernia. Ninety 
per cent of the patients were more than 21 years of age; 27 per cent 
were between 20 and 30. The right side is slightly more often affected 
than the left. Bilateral hydrocele was noted in four cases. The shortest 
duration was three days, and the longest sixty years. In more than 
50 per cent of cases, the duration was between two months and three 
years. 

Inflammation in the form of epi^dymitis is probably the most fre- 
quent precursor of acute or chronic hydrocele. This is most frequently 
gonorrheal; it may be tuberculous, and at times nonspecific. Careful 
e-\amination of the exposed epididymis will in most cases reveal a 
pathologic organ showing the postinflammatory changes of hypertrophy 
or atrophy. Occasionally, hydrocele follows or accompanies orchitis. 
One patient had mumps immediately preceding the appearance of the 
hydrocele. Trauma may be and not infrequently is an etiologic factor. 
Thirlj'-four patients of this series noted an actual blow to the testis 
preceding onset of swelling. Campbell pointed out that operative trauma 
in the region of the spermatic cord, such as herniotomy entails, may 
cause hydrocele, and warned against undue injury to the vaginalis 
and testis during such procedures. Congenital hydroceles in adults 
arc rare since the condition, if present, usually disappears spontaneously 
in infancy. The majority fall into the idiopathic group, but Campbell 
believes that unrecognized asymptomatic epididymitis is again the usual 
underlying process. 

Pathologically, the fluid of uninfected hydroceles resembles blood 
serum, lias a specific gravity of 1.020 to 1.026, and contains fibrin, 
albumin, paraglobulin, and at times cliolesterin and phosphatic calculi. 
Microscopically, endothelial cells, cholesterin crystals, leukocytes, often 
.spermatozoa, bacteria in infected cases, and in the event of hemorrhage, 
erythrocyte.*! are showm. Caforio is quoted as stating that in view of 
the lower .specific gravity and smaller serum content of transudates, 
fluid in the hydrocele is an exudate of inflammatory origin. 

.^yniplomalically, if hydrocele is acute and the result of inflammation 
of the cpididnnis or testis (rarely trauma), pain is likely to be severe. 
Pain i.*: usually proportionate to tension, severe with rapidly forming 
hydrocele accompanying aente gonorrheal epididymitis, and slight or 
absent with hydrocele and tuberculous epididymitis. Chronic hydrocele, 
uncomplicated by infection, is usually without symptoms save for 

/*». Canu>Kll. M. F.: Hydrocele of the Tunica Vaeinalis: Slutlv of 502 Caecis 
J'wre. Gymc. OM. 45;1«. 1927. ' * 
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swelling. Some patients complain of a dragging sensation in the scrotum 
or along the cord due to the weight of the mass. 

In cases of hydrocele of the tunica vaginalis, inspection reveals a 
pear-shaped tumor tapering into the cord. As a rule the outline is 
felt to be smooth and regular and the mass elastic. Occasional!}', 
lobulation is noted. The mass is dull to percussion, transmits light, 
cannot be reduced (except the congenital tj'pe), and unless complicated 
by hernia, does not give impulse. The cord is normal unless involved 
in the hydrocele. The scrotal skin ma\’ be tense and shiny over acute 
hydroceles and over chronic large hydroceles. Usually, testitis occurs 
behind and below the center of the tumor; rarel}' is it anterior and 
often it cannot be localized. Although puncture and withdrawal of the 
fluid is the surest diagnostic procedure, it should never be used unless 
hernia can be ruled out absolutely. 

In the differential diagnosis, hernia, spermatocele, hematocele, 
chylocele, gumma, edema of chronic passive congestion and testicular 
neoplasm are considered. 

Tapping or the use of a local irritant, such as painting the overlying 
skin with tincture of iodine, frequently accomplishes cure in infants; 
sometimes cure is spontaneous. In adults, spontaneous cure is never 
obtained. Internal medication is of no value. Tapping with or without 
injection and open operation are employed now in treatment. Tapping 
is often curative in cases of children and may be used for adults if 
they refuse operation and for those whose physical condition does not 
warrant operation. Injection of from 5 to 20 minims (0.3 to 1.25 cc.) 
of pure phenol after completely emptying the sac, with kneading of the 
scrotum to disseminate the drug to all surfaces, may be employed in 
uncomplicated hydroceles with thin walls and clear fluid. It should not 
be employed for children if it cannot be determined whether or not 
the sac communicates with the abdominal cavit}'; if it does, fluid will 
reform. 

Open operation is the treatment of choice. Simple eversion (the 
bottle operation of Andrew) is useful for small hydroceles without 
thickened sacs. \'^olkmann incised the sac widely and swabbed the 
cavity with phenol. Convalescence is slow and the percentage of recur- 
rences high. Campbell prefers the excision and eversion operation of 
W’inkelman. Cutaneous and deep injections of procaine for anesthesia 
are made, the cord is isolated and thoroughly infiltrated, thus affording 
complete testicular block. By carefully incising the parietal tunica until 
the innermost layer presents a bluish hue, much hemorrhage may be 
prevented in later dissection. If the hydrocele is unusually large, most 
of the fluid is withdrawn before the sac is incised. With hydroceles 
of ordinary size, the practice is to mobilize the unopened sac by blunt 
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The more unfavorable complication has been for the pus to reach the 
subcutaneous tissues and to dissect beneath the skin, at times causing an 
infection more serious than the empyema, and necessitating multiple 
incisions; occasionally, if not recognized early, it has led to a fatal 
termination. This danger is greatest when the hemolytic streptococcus is 
the organism that causes the empyema. 

In the class of minor disadvantages may be placed the presence of 
thick pus, which makes the irrigation of the cavity slow and difficult; 
the tendency, as healing progresses, to overdistend the cavity which is 
tending to collapse ; the leakage of pus around the tube, demanding fre- 
quent dressings ; and the plugging of the tube, causing almost continuous 
irritation and annoyance to every one concerned in the care of the 
patient. 

In considering various methods to overcome these difficulties, it was 
thought that the natural movements of the chest with their pumping 
action could be utilized to give a continuous irrigation, and at the 
same time avoid the possibility of forcing in fluid under pressure. The 
original plan was to use an inflow and an outflow tube, each equipped 
with valves. It was found, however, that a simple tidal flow through as 
short a tube as possible was entirely satisfactory and gave the least 
possibility of becoming obstructed. With a continuous flow in one 
direction, fibrin blocks the opening to the outlet tube, but with the tidal 
flow it becomes dislodged at the next inspiration when the fluid flows into 
the chest. 

The irrigation apparatus shown in figure 1 was soon adopted. This 
consists of a rubber tube which is passed into the dependent part of the 
empyema cavity through a trocar thoracotomy wound, and just outside 
the chest is connected by means of a T tube with a rubber bag on one 
side and on the other with a rubber tube leading through a Y tube to an 
irrigation bottle above and a drainage bottle below. The rubber bag is 
strapped to the abdomen just below the trocar thoracotomy wound, 
placing it slightly below the level of the empyema cavity with the patient 
in Fowler’s position. This gives a slight amount of suction at all times. 
Since the entire system is closed, it is impossible for air to enter if fluid 
is kept in the irrigation flask and the drainage tube is always, when 
undamped, below the levd of the solution in the drainage bottle. This 
statement presupposes that the empj’ema is not complicated by a bron- 
chial fistula, and that the tube fits snugly within the opening through 
the wall of the chest. The bag can be entirely emptied and suction 
applied to the empyema cavity by removal of the clamp to the drainage 
bottle. Wien this condition has been maintained for the desired length 
of time and the bag is partial!}" refilled, there is no possibility of causing 
a positive pressure within the empyema cavity. The bag is never com- 
pletely distended and usually is only from one-fourth to one-half full. 
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Fig. 1. — Diagrammatic illustration of the apparatus connected with the empyema 
cavity as shown in a cross-section of the chest. On the left is illustrated the 
effect of inspiration with enlargement of the thoracic cavity, and the reduction 
of the intrathoracic pressure below the surrounding atmospheric pressure. Thus 
the atmospheric pressure forces the iim'd within the rubber bag strapped to the 
abdomen into the empyema cavity. With expiration, illustrated on the right, the 
intrathoracic space is passively or forcibly compressed .with the outflow of air 
from the lungs and also of fluid from the empyema cavity, resulting in a diminu- 
tion in the size of the cavity. This continues with each respiration, the consistenc}’ 
of the fluid within the empyema cavity and the rubber bag gradually approaching a 
common level. Before this is reached, however, clamp b is removed, the rubber 
bag is completely emptied, as much fluid as possible is siphoned from the empyema 
cavity, clamp b is reapplied, and clamp a is removed until the desired quantity of 
clean solution has flowed into the rubber bag and empj'ema cavity. The gradual 
mixing by means of the tidal flow again begins, and thus the consistency of the fluid 
w'ithin the empyema cavity gradually approaches that of the irrigating solution, the 
final point of dilution being determined by the amount of irrigation fluid kept in 
the bag, the frequency of its replacement, and the division of the time between 
irrigation and suction. 
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cavity, and with the patient in Fowler's position, there is always a slight 
amount of suction, but not enough to prevent a free tidal flow. 

For the most efficient interchange of fluid by the tidal flow the 
amount of tubing between the empyema cavity and the rubber bag is cut 
to the minimum. 

Numerous types of rubber bags have been tried, such as the Vorhees 
bag, blood pressure cuff, mouth piece for a gas anesthesia machine, and 
others. It is desirable, however, to have a bag with the tube entering it 
about the middle of the longitudinal axis; a football bladder best, meets 
this requirement. There are two distinct advantages in this lype of bag: 



Fig. 3. — Close view of the apparatus shown in figure 2, and with the short 
tube strapped in the chest with adhesive; tiic tube to the football bladder, which 
had just replaced an old blood pressure cuff, was later shortened. The lower end 
of the bladder is turned in to diminish its siae. The only care which- this case 
demanded was observation for the proper distribution of the time between irriga- 
tion and suction, and renewal of the adhesive dressings about once every two weeks. 

The first advantage is that all particles of fibrin and coagulated pus will 
settle to the dependent point away from the opening of the tube, so that 
when they enter the bag they are trapped. Incidentally, the tube in the 
diest entering at the dependent part of the empyema cavity tends to 
remove the thicker material as it settles out. The second advantage 
comes into play late in the treatment, after the tube in the chest becomes 
a little loose. At that time any air whidi may enter the irrigation system 
rises to the top and is trapped as soon as it is forced into the bag. The 



HART— ACUTE EMPYEMA 


105 


The frequency with which the fluid should be renewed within the bag 
depends on the individual case. Early in the treatment, or when the 
cavity is large, it is renewed every hour in order to keep the pus 
relatively thin, while later, when the cavity is small and clean, the 
bag can be refilled only a few times within the twenty-four hours. 
This avoids disturbing the patient at night, but at the same time gives 
him the advantage of continuous irrigation. 



Fig. 2. — ^Irrigation apparatus in use. This photograph was taken after six 
traeks of treatment, the patient hawng a massive hemothora.\ witli infection (figs. 
3, 4, and 5). Not once during this time did the tube become plugged ; the adhesive 
holding the tube in place was not changed during the first month, and the aiijtaratuc 
was out of order on onl}' one occasion when the patient, while delirious, left his 
bed and pulled the irrigation bottle from its stand. 

The proportion of time given over to suction and to irrigation 
depends entirety on the amount and rate of formation of pus. My plan 
has been to run the irrigation as much of the time a.*: is necessary to 
keep the cavity clean and the contained fluid thin and relatively clear. 
The remainder of the time is given over to suction by the siphon. With 
the bag strapped to the body a little below the level of the empyema 
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who have gone for from four to seven weeks without having the original 
tube removed or plugged at any time. One patient (figs. 2 and 3) went 
for a month without having the adhesive and small dressing about 
the tube removed, and at no time was there plugging of the tube 
or any cessation in the tidal flow of the fluid. Consequently, there was 
at no time any positive pressure of sufficient degree to force fluid out 
around the tube; also there was no suction of air as the tube fitted 



Fig. 5. — Same iratient as figure 4, after ten weeks of treatment with continuous 
irrigation of, or suction on, the empyema cavity. The cavity had completely closed, 
and the temperature, which had been &om 101 to 104 F. before operation, was 
below 100 F. after the fourth postoperative day. Note the high position of the 
diaphragm on the left side, its sharp rise from the midline outward until it fuses 
with the strip of thickened pleura. Below this point it is apparently adherent to 
the wall of the chest, thus helping to obliterate the empyema cavity after the long 
collapse of the lung. 

The treatment in subsequent cases leads us to believe that the postoperative 
course here could have been shortened by giving more time to suction, 
earlier institution of forced expiration against an obstacle, with the lungs nlle 
with air, and by inserting the tube through the chest at a lower level. 


snugly. At the end of this time, tlie granulating sinus was free from 
excessive infection. Another patient went for eight weeks without 
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thick pus and the air are removed when the fluid within the bag is 
replenished with fresh solution. Any bubbles of air in the tube to the 
irrigation bottle are likewise forced into the bag and trapped in its upper 
part when it is refilled with fresh irri^ting fluid. 

In the application of this apparatus, the fluid cannot be forced into 
the chest as long as the rubber bag is not more than from t^vo-thirds 
to three-fourths full, and frequently it is kept only from one-third to 
one-fourth full. For children, the lower end of the bag is sometimes 


r'-‘ 



Fter- 4.— An enormous, infected left hemothorax follou'ing- a stab wound of the 
chest. Over a period of two months repeated efforts were made to aspirate the 
fluid, but without result. The collection of fluid increased in size and there was a 
progressive rise of temperature until the clot became sufficiently fluid to aspirate. 
The fluid promptly reformed, the cultures were positive for Sireflococcus viridans, 
and a trocar thoracotomy was performed. 

turned in, as in figures 2 and 3, the size thus being decreased. This 
absence of positive pressure prevents the forcing of infected material out 
around the tube, particularly when the cavity has closed down until it 
holds only a few cubic centimeters, less than the amount of the tidal 
flow in the beginning of the treatment, and when one’s tendency is t<» 
run in more solution tlian the cavity will hold. 

The continuous movement of the fluid prevents any coagulation of 
fibrin and blocking of the tube. This has been proved by several patient? 
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^ lotion of the en^yema cavity where the apparatus is in use. 
Ue blowing IS ^ most effideut when this apparatus is ap,&d, for 
there is absolutely free egress of fluid when pressure is made on the 
rawty by the forced expiration. Suction can be appKed as desired to 
hdd the lung m die position of expansion or to aid in the emmsion 
obtained by forced expiration with the lungs full of air. 



Fig. 7s — Same chest as shown in figure 6, after twenty-four days of treatment 
by continuous tidal irrigation and suction. The patient was ill, and following 
operation there was a sharp rise of temperature to 104 F., with a drop to 100 F. 
the following morning. There was immediate and constant improvement, the 
patient's temperature remaining around 99 F. to 100 F., with a few clei’ations 
explainable by severe abscesses over the back. At the time this picture was taken 
the cavity holds less than 8 cc., and a rapid healing is anticipated. 


With this opening freely patent at all times, and with the continuous 
irrigation, the drainage must be as good as, if not better than, with a 
rib resection and a larger opening. 
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cavity not surrounded by dense scar tissue. With the tube to the drain- 
age bottle open, there was still considerable pressure within the rubber 
bag, and this could not be relieved until the drainage tube was emptied of 
fluid and its lower end raised above the level of the fluid in the drainage 
bottle. 

To overcome this complication, the apparatus illustrated in figure 10 
was devised. This consists of a flask partially filled with irrigating fluid, 
connected by an opening at its dependent part to a short tube entering 
the empyema cavity. An irrigation bottle is connected to an opening 
at the top of the flask, while through a cork is passed a tube opening to 



Fig, 9. — Same chest as in figure 8 after forty-eight hours of treatment with con- 
tinuous tidal irrigation. The pus was thick, but the tidal flow was perfectly 
satisfactory for the first fifteen hours. 

Apparently at that time the limg had expanded sufficiently to permit of the two 
pleural surfaces rubbing together with the respiratory movements, and the shaggy 
exudate over the surface was dislodged. As soon as this was removed from the 
empyema cavity by manipulating the tube and by frequent irrigations, there ^vas 
no further embarrassment to the free flow of the tidal irrigation, and there have 
been no other large masses of fibrin. 

In the early morning at the time of the freeing of the large amount of fibrin and 
exudate, the patient's temperature was 104 F. However, forty-eight hours after 
the thoracotomy was performed, the temperature remained below 100 F. for the 
entire da}'. 

As far as could be determined at that time, there was only a small amount 
of fluid within the empyema cavity. 
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,\t«t ilu* U'nst of the ;ulvniitn!:i*s is the interest which the pntient 
i;mitest» in tlie irnj;;nioji. 'I'liis applies ecinally to tlie child, who i.^s 
nnid of tin* apparatus atid treats it like a toy, watchinjr the motion 
f the ihiid and the jvnrticles tif jms tiartini; h.ack and forth, and to the 
ilnh. who on seein;; Ihike*: of lihrin hi the tnl)e niovin" with the tidal 
ow. will deliheniiely. with a lone ami f«»rced expirathm. force them into 
ie Kn.e. where they .'■ettle down to the hottoiii aiifl are eventuallv 
iphonetl off to the draina.ee h<'itle. 



Fir. S. — Qicst of .a l)oy, aped 5. with a inicomococcus, tj-pe IV. emp\xma. The 
listory suppested tlie onset with pneumonia tor a week, followed by the cmpj'ema. 
I'hich had been present for five weeks. Over this period there had been pain in the 
;hest, hiph fever, sweats, and a progressively down hill course. 


ACUTE E.MPVEMA CO.M PLICATED BY BRONCHIAL FISTULA 

In cases of acute empyema with a bronchial fistula in which the 
latient did not cough up the pus from the cavity, irrigation was tried. 
[ f , as frequently happened, this did not produce irritation and coughing, 
he irrigation apixiratus shown in figures 1. 2 and 3 was used. This 
iroved to be unsatisfactory, hotvever. since the continual leakage of air 
nto the empyema cavity soon filled the rubber bag with air until it was 
.inder marked pressure. There must of necessitj' have been some asso- 
:inted compression of the lung where the empyema was acute and the 
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harm comes from the entrance of air into the chest, since it is continually 
coming in through the bronchial fistula, while if the siphoning action is 
destroyed by air entering the tube, it is readily reestablished by closing 
clamp c, clamping off the tube to the empyema cavity, and opening 
clamps a and b. Suction can be applied as desired by closing clamp c 
with the flask relatively full, and opening the siphon on a closed cavity 
by removal of clamp b. By this means it can be detennined when the 
fistula is closed, suction can be used as desired, and after it is proved 



Fig. 11. — Chest of a girl, aged 5, with an acute pyopneumothorax of unknown 
duration, just before a trocar thoracotomy was performed. A bronchial^ fistula 
was present, and the cavity was treated by continuous tidal irrigation, using the 
apparatus shown in figure 10. The temperature dropped to normal and remained 
below 100 F. for the postoperative course. 


that there is no further leak, the case can be treated like a simple 
emp)fema. 

This apparatus is to a certain extent cumbersome, and demands rather 
careful adjustment; the flask cannot be completely emptied, and the 
opening to the chest is near the bottom of the flask where the thicker pus 
collects. However, it has proved satisfactory in the cases in which it 
was used. It seems likely that it will be desirable to replace it by a rubber 
bag, w’hich provides for the ready escape of the air which enters from the 
bronchial fistula. 
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There is only late and negligible leakage around the tube in the 
thoracotomy wound, so that dissecting infections do not occur, and 
dressings are practically eliminated. 

Suction can be' applied as desired, even as long as from six to eight 
weeks after operation, when expansion of the lung is slow after long 
compression. Even then there is little if any leakage of air around the 
tube in the thoracotomy wound. 

The apparatus used in the presence of a bronchial fistula permits the 
immediate escape of air from the drainage system without the possibility 
of the air reentering the chest or disturbing the siphoning action. 

By this method of treatment, the closing of the emp5'ema cawty is 
more rapid than by the earty institution of rib resection and open 
drainage. 
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With llu' »iM’ «ij jlu‘ ilu'iv i*. tlu* IcaM Ihniiaiion to llu* inovc- 
jni*ni«. tij ilji- ai)il jIji* niiiiiinal trariioii un ihc inla- cuicriuj; the 

dirM : aiii) r\«*rv «ti tlw irri}>aiiitn Militiinn in hcd is 

avoidrd l»y sit'-p-inliny the- lia>K- fr«Mii an nvrrhcad franif s«» that it just 
t'li'ar*- the Ih'iI and n«irniaHy ]ian^> ininit'cliaii'ly adjarent tn llu* ilinra- 
(■i lit tiny tijirninsi. 

M'MMAMV 


A nu-ilii»d is 
licalin;,' jtalu’nl*- 


di'oi'iiliii) wiili illiiM rations nt llu* apparalns used in 
whti haw arnit* (-mpvvnia. with or without tlu* ooinpli- 



I'lK- 12. — Same.* rlioi a*- fiKiirv 11, l.ik(*ii tin ila* thirteenth i>nstu])erative day. 
.At this time the tiilal irriKnliiin .•iy.ctem een ed tti wtirk, and on atleiniitin;; to open 
the tidie it was ftnind that there was iiti cavity, tint only a .sinus the siitc of the 
rnhlier tnhe. The |ialieni is apparently well, free from pain, and playiii};, with a 
iifirmal ternperalnre and jiracticall.v no drain.iKe from the sinus. 

cation of a hronchial listitl:i, hy continuous tidal irri;;atinn carried on by 
the nortnal re.s'piralory inoveinents. 

'J'he trocar thoracfttoiuy subjects the itatient to the inininial operative 
jtrocedurc. 

As the irrigation tube practically never becomes plugged, there is no 
obstruction to free drainage. In addition, the cavity is being continu- 
ally washed out by relatively clean solution, so that there is more efficient 
cleansing and drainage than with the rib resection and oiien thoracotomy. 

There is not the large raw surface to become infected by the con- 
tinual soiling at the time of and following operation. 
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0^<Tofio»,--June 12, 1922: The operation was performed by me with 
Drs. Woodruff and Lutterloh assisting. Ether anethesia was given by Dr. AUgeyer. 
A preanesthetic hypodermic injection of one-fourth grain (0.016 Gm.) of morphine 
and one one hundred and fiftieth grain (0.0019 Gm.) of atropine was given 
The anesthetic was started at 10: 47 a. m., and discontinued at 12: 06. The opera- 
tion was started at II and was discontinued at 12: 12, the procedure consisting of 
excision of the neuroma and transplantation of the median nerve into the ulnar 
nerve in the right arm. 

An incision about 3}«5 inches (8.87 cm.) long was made on the inner side of 
the biceps muscle corresponding to the course of the brachial artery. As soon 
as the soft tissue was dissected away and the muscles retracted, the large mass 
with the blood vessels came into view. Tlte median nerve was isolated above the 
level of the tumor and a pair of forceps insinuated between the brachial arten* 
and the median nerve to act as a support. After this the dissection of the tumor, 
which was continuous with the median nerve, was carried on, and the mass 
entirely separated from the brachial artery. It was shown to be a spindle-shaped 
mass about inches (6.27 cm.) in its long axis and % inch (1.9 cm.) trans- 
versely. In one place on the outer aspect of the mass, it had broken through as 



Fig. 1 (case 1). — Gross specimen of tumor of median nerve. 

though there had been a slight hemorrhage. The lower limit of the tumor was 
just above the bicipital fascia (fig. 1). 

Procaine hydrochloride was injected into the median nerve above the level 
of the neuroma, and a section was made of the nerve above. Then the nerve was 
sectioned below. This left a distinct gap of about 3J^ inches. It was impossible 
to consider elongation of the nerve to close the defect, and therefore the question 
of where to graft the distal end was considered. It was decided to utilize the 
ulnar nerve. This was exposed beliind the internal condyle and isolated and 
mobilized. A tunnel was made under the pronator teres with a pair of forceps. 
The distal end of the median nerve was brought under the tunnel and grafted into 
the lateral aspect of the ulna with fine silk. The proximal end of the nerve, which 
Nvas cut instead of being left unattached, was sutured to the internal cutaneous 
nerve, which was exjiosed in the wound. The wound was sutured in tiers witt 
fine catgut to approxhnate the muscle and subcutaneous tissue. iHchels clips 
were used for the skin. Cross-section of the tumor showed that it contained a 
good deal of connective tissue and some degenerating areas which looked i 'c 
colloidal material. A diagnosis of neuromyxosarcoma was made. 

Laboratory examination showed a somewhat cylindric-shaped structure mea- 
suring 7 cm. in length and 3 cm. at its broadest diameter. It tapered at caci 
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structure-like material. They were lined with cells that were tall and columnar in 
their general appearance, which were closely packed together, and on close study 
showed practically no separation of the individual cells; the appearance was that 
of a multinucleated syncytial mass resting on an underlying structure resembling 
a basement membrane. The entire glandular structure was divided into areas of 
various sizes by a cellular supportive material showing nuclei occupying a rela- 
tively large proportion of the cell ; there was a minimum amount of intercellular 
substance. Most of the supportive structure was suggestive of nerve tissue, but 
I was unable to find positive evidence of a former nerve trunk anywhere except 
on the periphery. Mitotic figures were noted both in the epithelial and supportive 
cells. The blood supply of the part was not prominent, the vessels being present 
in stroma. A few areas of necrosis and degeneration were noted, but these were 
confined largely to the glandlike spaces. In some 'places, the stroma was myxo- 
matous, and in others, it was made up of a denser tissue. 



Fig. 3 (case 1).— High power magnification of first recurrence showing 
glandular elements. 

A tentative diagnosis of carcinoma of the gland cell type was made, with the 
explanation that further study was required to determine definitely the primary 
origin (Lanford). 

Progress Notes. — Following the operation, the patient had a sensation of pain 
and touch in the thumb and all fingers. He was able to flex and extend his 
Three days after operation, common sensation was noted in the peripheral dis- 
tribution of the median nerve. The wound healed by primary intention. hen 
the patient left the hospital ten days after the operation, common sensation was 

present as already noted. i j i .«! 

During October, 1922, the patient returned, because a painful lump had devel- 
oped in the upper portion of the wound caused by the previous operation. This was 
belicwd to be neuroma of the stump of the median nerve, and operation was 
advised. 
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Progress Notes . — On June 23, 1923, the patient returned because of the develop- 
ment of a mass on the inner aspect of the elbow. Examination at this time 
revealed the following: The patient was well developed and did not show any 
evidence of emaciation. With the exception of the tumor mass, at the elbow, 
nothing in his condition indicated general discomfort. The scar of the previous 
operation on the right arm was healthy. The elbow was flexed at a right angle. 
There was little mobility of the joint, and the forearm was midway between 
pronation and supination. Some atrophy of the muscles of the hand was present, 
but sensation of pain, touch and temperature in the forearm was undisturbed. 
However, there was some diminution of sensation in the index Anger. 

Dr. Holbrook, a neurologist, examined the patient and reported: “Sensation 
of pin and cotton is good over the palmar surface of the right hand, except in 



Fig. 5 (case 1). — High power magniflcation of flrst recurrence. 


the index Anger, in which sensation is dulled about the middle and beyond this 
point is absent. Thermal sensation is inaccurate over most of the hand, especially 
toward the index Anger. Temperature diflPercnces are appreciated toward the 
center and inner side of the hand.” 

r/nVd OperaiioM.— On Jan. 25, 1923, I performed an operation with Drs. 
iMachcca and Liles assisting. Dr, Allgeycr gave the ether anesthesia. 

The amputation was made at the junction of the middle and upper thirds oi 
the right arm. A tourniquet was applied, a circular skin flap dissected up. aw 
the muscle cut at the level of skin retraction. The muscles were retracted am 
the humerus sawed through. The large nerves were then brought down nitn 
the Acid, and an inverted V-shaped excision of the end approximated the shea i? 
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rae^an nerve at its anastomosis with the ulna. The belly of the flexor sublimis 
digitorura was ballooned out by the growth and gave the appearance of a funnel. 
In order to disturb the appearance as little as possible, Dr. Lanford took a sniali 
block of the tumor out of the ballooned portion of the palmaris longus belly. This 
was then sutured in order to retain the contour of the original growth. 

Laboratory examination showed a specimen made up of the forearm and hand 
and about 6 inches {15.24 cm.) of the arm, which presented a tumor involving 
the structures at the bend of the elbow. In gross, the hand showed considerable 
atrophy changes, but otherwise was normal. A xnarked swelling was noted 
mostly at the bend of the elbow on the anterior surface, extending backward and 
laterally to involve most of the structures. The overlying skin was intact and 
loose over the growth, and there was a long, well healed scar from a former 



Fig. 7 (case 1).— High power magnification of second recurrence. 


operative procedure. When the skin was dissected back, a new growth was 
found that had involved the muscles of the part, particularly all those inserted into 
the internal condyle of the humerus, and to a lesser degree those of the externa 
condyle. The muscles were pushed upward and were thinned out, this being 
particularly noticeable in the superfidal layer, while the deeper layer was more 
infiltrated and replaced by the main growth. The main mass was 11 cm. in 
length and 8 cm. at its thickest portion; it was roughly cylindric or funnel-shape , 
the upper portion being at the bend of the elbow, and the pointed end extending 
onto the forearm. It was firm, and here and there presented nodulations whic i 
were smooth and were firmly adherent to the overlying muscle. On sectioning, it 
offered considerable resistance to the knife and presented a cut surface that was 
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with plain catgut, making a fish-tail appearance after the suggestion of Corner. 
The nerves were injected w'ith 95 per cent alcohol following the suggestion of 
Carl Hoover and Lewis. The niuscles were quilted over with plain catgut after 
ligation of the large vessels. Chromic catgut no. 2 was used for ligation. There 
was little bleeding. Interrupted plain catgut sutures were introduced into the 
sheath to diminish the amount of dead space. The skin was closed with silkworm 
and plain catgut interrupted sutures. The specimen was sent to the laboratory 
for preservation. Amputation was done because the removal of sufficient tissue 
to remove the entire mass would leave a useless arm. 

A gross specimen was taken from an amputation of the lower third of the 
arm and forearm. The dissection was done by Dr. I..anford, and the line of the 
previous incision along the course of the ulnar nerve was incised. The skin 



Fig. 6 (case 1). — High power magnification of fir.ci recurrence. The 
glandular elements are being crowded out by the einbryonal character of thi* 
stroma cells. 


and fat were retracted. The ulnar neiwe. prior to its entry into the pri 
teres, was exposed and the nerve followed down to a pniiu where it w.i' 1 
the tumor mass just above the intenial condyle. The .-kin flap w:i» then lii- 
away from the muscle, exposing the biceps and the tuiiior in:i". wine!; 
covered by the flexor muscle originating fn»m the internal condyle. The 
artery was then retracted medial t«» the ulnar ‘■Me. e.\p>»'ine tl’.e u’-eil':.:: 
below. We then followetl the median nervv to it> iwiiit i.f i!niil.-iJ!!.-.:* -j i" 
ulna by entting thnmgli the pr4inator teres and pal;nari> l-.nen' tnn-.-le ' 
We could see the suture line as evidenced by the black ^^lk wh-.c!’. I.:.'! !•• •: 
a year ago. There was apparently no thickeutnc of the j* ■: 


••tJatiir 
.>»! i'l 
‘■.Ctfi 
; w a - 
a-iii:.! 
r. . 
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When last heard from, four years after operation, he weighed 200 pounds 
(90.7 Kg.) and was in excellent health. 

Summary.— 1. A patient with von Recklinghausen’s disease presented a tumor 
of a peripheral nerve. 

2. The tumor resembled a carcinoma. It was made up of glandlike spaces 
lined by columnar cells with little separation of the individual cells, which gave 
the appearance of a syncytial mass. Mitoses were noted. 

3. After excision of the tumor, recurrence occurred in the stump. 

4. Histologically, this resembled the primary tumor. 

5. A second recurrence necessitated amputation. 



Fig. 9. — Low power magnification of first recurrence tumor of the radial 
nerve. 

6. This tumor contained spindle-shaped cells. There were small cavities which 
were lined with a single layer of cells resembling epithelium. 

7. The patient remained well for at least four and one-half years. Since that 
time, we have been unable to trace him. 

8. The tumor was epithelial. 

9. It caused expansion of the nerve and disturbance of the peripheral distribu- 
tion of the nerve. 

10. There were no distant metastases. 

Certain questions naturally arise: 1. What is the origin of a tumor 
of the nervt which is epithelial? 2. Is it part of a systemic disease? 
3, What is its relation to von Recklinghausen’s disease? 4. Did it come 
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grayish white and apparently made up largely of supportive tissue. The liands 
of tissue running in all directions gave somewhat the appearance of a leiomyoma 
of the uterus. The blood vessels were not prominent, and only here and there 
were areas noted which appeared to be well supplied with blood. .*\n occasional 
area on the cut surface was noted which showed degeneration suggestive of a 
myxomatous or loose, meshlike type of structure containing a clear pinkish stained 
scrum, but no definite lobulation or cystic cavity could be found. 

Microscopic study showed the mass to be almost uniformly made up of spindle- 
shaped cells running in bundles in all directions. Some of these strands were 
considerably older than others and tended to separate the more rapidly growing 
ones into distinct areas. Here and there little microscopic cavities could be noted 



Fig. 8 (case 1). — Patient several months after amputation. 


that were lined with n single layer of cells resembling eiJithtlium. Th*' 
vessels were not prominent in the main portion, ahlunsgh here and there a fi-w 
capillaries were noted. Some of the older portirms of the growth ‘hitwid r rs- 
sidcrablc dcpo.sition of collagcn-like material, and still oilier? were ?' n:ev.! 
myxomatous. Many of the cells were rapidly growing ainl ?l;-.v.fd •.:r 

figures. The hisstology was that of a neurogenic sarema. with 
glandlikc spaces noted in the primary growth. 

Progress Notes . — On June 29, the wound was drc.-'n!. Sv.illnii: v.:.* j ■ ; ; t' 
primary union occurred and the patient was jK-rmitti.-*! •.■> v>> !•-' n-.e. v.: - I'f. 

under observation for more than a year. Hi« general cn!:!'.'!: c >!•'!"• ! 
with no evidence of recurrence or dcvclopmtni i>f th.e ti::ri r -r . ■ 
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After twenty years of experimental observations (1904-1924), 
Harrison * stated : 

One who follows historically the subject of the histogenesis of* the nen'ous 
system cannot but be impressed by the deviousness of the path of progress. 

With the foundation of the neuron theory by His (1886) and Forel (1887) 
the study of the nervous system entered upon its modern phase. 

The investigation of His (1886, 1887, 1888, 1890) followed by the work of 
Ramon y Cajal (1890, 1892, 18^), who first applied the Giolgi method to the study 
of the embryonic nervous system, and that of v. Lenhossek (1892, 1®S), gave 
a firm footing to the concept of the neuron by showing clearly, as it then seemed, 
that each fiber arises as the outgrowths of the single ganglion cell. 



Fig. 10. — ^High power magnification of first recurrence. 


Experiments, with hanging-drop cultures of embryonic nervous tissue in clotted 
lymph, rendered possible the direct observation of the growing nerve fiber, showing 

tlie latter to be not a chain of cells,butastrandof hyaline protoplasm with an active 

amoeboid end, through the motion of which the fiber is spun. In other words, it 
was actually seen that nerve fibers grow as the process of a single neuroblast. 

To sum up the impression gained from the study of the rdevant literature 
accumulated since 1900, we find that the heuron concept, so far as it applied 
to the development and regeneration of the nervous system, remains unshaken 
under the attacks it has received, and that it now stands more firmly established 
than ever. 

3. Harrison, Ross G.: Neuroblast Versus Sheath Cell in the Development 
of Peripheral Nerves, J. Comp. Neurol. 37:123 (June) 1924. 
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from a misplaced cell rest or can it be explained by referring to the 
histogenesis of some element of ner\'e tissue? 

Tumors of the peripheral nerve must originate (1) from some 
constituent of the nerve; (2) from misplaced cells; (3) be part of a 
systemic disease, or (4) be metastatic growths. 

To develop the subject, it will be necessary' to introduce a brief 
review of the embryologj' of the nervous system and the facts as well 
as the theories available in the literature. 

Some of the following data are essentially academic, but necessary to 
present the subject clearly. 

Embryology . — ^According to Hardesty : * 

The essential elements of the nervous system, the nerve ccll-hodics and the 
essential portion of all nerve fibers, central craniospinal and sympathetic, develop 
from one of the embrj'onic germ layers, the ectoderm, and all arise from a given 

Histogenesis of Neivons System (Globcr and Strauss) 
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region of that layer. Further a small portion of the supporting tissue of the 
nervous system the neuroglia, is of the same origin. 


Peripheral Nerves . — .According to Stookey: " 

A typical peripheral nerve is made up of neuraxes fnnn nerve cell> eiilu-r 
within the brain stem and spinal cord, or from cells of the spinal. cr:<ni:i1 and 
sympathetic ganglia. 

Two main theories have been offered concerning the origin <»f the nvmawi'. 
one the outgrowth theory of His (1890) and the other the cell chain theory of 
Bethe (1903) and others. A still older thcorj' is that of Henson, accoriling 
which there always arc protoplasmic intercellular hridge> in the deveh-pini: 
embryo and out of certain of these bridges the nerve IiIkt is differeiniated. 
Held (1909) has supported a modification of this theory, according to him !?— 
nerve fibers differentiate from the nerve cell Iwidies aliitig tlu-'f jir. 
bridges. 


1. Hardesty, Irving: The Development of the N'ervt>ii' 
Human .Anatomy, ritiladelphia, P. lilaki>ton's S<in & C<»:np:<jsj. j* 

2. Stookey. Byron; Surgical and Meclianical Triatntct'.t <•! 
\erves. Philadcipliia. W. B. ?annder> Comp:!n>. 


in M- rr’ 
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Both medullated and nonmedullated fibers are assembled in nerve bundles 
called funiculi, and the funiculi in turn are joined together into a larger group 
by a surrounding sheath of connective tissue called epineurium, thus forming a 
peripheral nerve. The individual fibers of the funiculi are separated by a small 
amount of connective tissue called endoneuriiim and the funiculi are surrounded 
by a laminated layer of fibrous tissue which encircles the funiculi, called by K^’ 
and Retziuz (1873) perineurium. 

The origin of the cells of the sheath of Schwann has been a cause 
of great controversies. 



Fig. 12. — ^Upper surface of dura. 

Two main views have been held concerning the origin of these cells it being 
formerly thought that the sheath was of mesodermal origin. The more recent view 
on the other hand has been that the sheath cells were closely related to neuroglia 
and were of ectodermal. 

The latter theor}' has been proved by Harrison's ganglion excision 
experiments. 

By excising the ganglionic crest of young amphibian embryos peripheral motor 
neiTi’es, in the form of naked axis cylinders, developed in place of nen'cs whici 
normally had numerous spindle shaped sheath cells about them. 

The experiments leading to this conclusion have recently been repeated by 
Muller and Ing\'er (19211 with like results. 
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The problem before us is, simply bow the axon is constituted in development 
—whether it takes origin from a cell chain, or is the process of a single ganglion 
cell. 

The method of procedure was to eliminate by appropriate operation first the 
source of the sheath cells, and, second, that of the motor ganglion cells. 

The development of the axon is a function of the neuroblast. 

The removal of any body of neuroblasts invariably results in the elimination of 
the peripheral nerves normally connected with them. 

I may therefore proceed with the study of the development of the 
peripheral nerves, accepting as a proved fact that the neuraxis or axon 
is a product of the neuroblast, and continue to construct my concep- 



Fig. 11. — Dissection of amputated limb. 

tion of the development of the remaining portions of the peripheral 
nerve. 

According to Stookey : 

The neuraxis extended without interruption from the cell of origin to its 
ultimate termination. It consists of neurofibrils imbedded in a semifluid ncuro- 
plasm and surrounded by a very delicate membrane, tbe axolemnia. The fibers 
are described as of two types, medullated, and nonmedullated, depending upon 
the presence or absmee of a sheath known as a medullary or myelin sheath. The 
medullary sheath contains myelin — a chemical substance made up largely of 
lecithin, and supported by a framework or neurokeratin. Outside of the myelin 
is a delicate nucleated sheath known as the sheath of Schwann or neurolemma. 
The nonmedullated fibers of the peripheral nerves arise from the cells of the 
sympathetic and spinal ganglia. 
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The outstanding point today is the origin of the “connective tissue 
which immediately surrounds the nerve elements.” Is he referring to 
the sheath of Schwann? That the type of cell which is its progenitor is 
ectodermal has apparently been settled by the experimental work of 
Harrison. 

In 1908, Verocay ® studied a specimen from a case in which he had 
performed the autopsy. The case presented “multiple tumors in the 
central nervous system and its meninges as well as in the course of the 
peripheral nerves.” He presented the case hoping that it may help in 



Fig. 16. — Tumor involving entire right lung showing occlusion of bronchus. 


this way to clear up a rather obscure field in the patholog}' of the nervous 
system. 

His expectations have been more than realized, because all students or 
this subject refer to him as the first to express the idea of the associa- 
tion of peripheral and central nerve growths and the ectodennal origin 
of these peripheral tumors (sheath of Schwann). 

He said: 

The old dispute over the nature of Schwann’s cells has at present been 
settled by showing that the>' are of ectodermal origin and that they originate from 
the same anlage as the specific nerve cells-nerve cells and glia cells. 

6. Verocay, Jose : Ikfultiple Tumors as a System Disease of the Nervous 
System, Festschr. f. Hans. Chiari, 1908, pp. 378-415. 
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Harrison said: 

TIic sheath cells arc best interpreted as a sort of peripheral neuroglia — an idea 
that has found favor with a numher of students of the structure and development 
of the nervous system. 

The sheath cells arc clearly separated elements, which arc closely applied to 
the axons. While they have hut a small amount of cytoplasm, they arc in no 
sense mere nuclei and part of the axon itself. 

It is likewise deiinitcly shown that the sheath cells are not mesodermal, but 
arise for the most part from the ganglion crest in connection with the spinal 
ganglia. Some arise later directly from the medullary cord by emigration along 
the ventral roots. 



Fig. 13. — Gross photograph of brain with dura reflected showing neoplasm 
pressing on cerebrum. 

The sheath cells arc to be regarded as the neuroglia of the peripheral nerves. 

The literature makes one feel justified in accepting the ectodermal 
origin of the cells of the sheath of Schwann. 

When one turns to clinical experiences, one finds a state of confusion. 
If Harrison’s work is correct, this confusion should cease to exist. 

Pathology . — ^Is it possible for an epithelial recurring type of tumor 
of a peripheral nerve to arise from the elements of peripheral nerve, 
and may it be a part of a systemic disease, or must it be of metastatic 
origin ? 
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Serre’s paper must be freely abstracted : 

The history of neurofibromatosis dates back to Recklinghausen who, in 1882, 
undertook the synthesis of the sparse findings in the previous observations of 
dermatologists, surgeons, and anatomo-pathologists. 

The histologic conceptions of neurofibromatosis have varied greatly during the 
course of the last few years. After Virchow, who distinguished pure neuromas 
mixed neuromas (true neurofibromas) and false neuromas (fibro-myxomas, fibro- 
sarcomas), Recklinghausen, in 1882, grouped all the cases under the heading of 
fibromas. 

To this purely connective conception in which the tumors were considered as 
being derived from the perineurium, Bard, in 1885, opposed a theory, sanctioned 
by Durant in which the neurofibroma was derived from the segmentary cell 
of the nerve fiber. With the investigations of Held and Nageotte on the histology 



Fig. 18. — High power magnification of tumor of lung. 


of the nerves and the works of Verocay, Trapier, Bard, Gall, Gautier, Delore, and 
especially with the recent studies of Lhermitte and Leroux, there has arisen the 
new theory of peripheral neurogliomatosis developing at the expense of the sheath 
of Schwann or the peripheral neuroglia. 

Discussing Recklinghausen’s disease, he said : 

Lhermitte and Leroux state that the constitution of the peripheral tumors in 
Recklinghausen’s disease has the fundamental characteristic of being formed by 
the combination of two tissues, one a compact tissue resulting from the juxtaposi- 
tion of fusiform cells, the other more loose and reticulated formed of cells with 
ramifj'ing protoplasmic expansions which anastomose together. 

The compact tissue is formed of fusiform elements parallel to each ot cr 
forming trabeculae, whorls and bundles. The cell itself has a regular ovoi 
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He summarized as follows: 

The above case was an extensive system disease of the central and peripheral 
nervous system and its meninges in the form of the multiple tumors of the spinal 
cord and medulla oblongata (glioma) the nerves (originating from the nerve 
liber cells and the connective tissue?) and meninges (endothelioma). 

2. This system disease is with great probability to be attributed to a congenital 
anomaly of development. 

3. Tumors of the nerves occur with the picture of “Neurofibromatosis” (fibro- 
matosis-nervorum) or “True multiple neuromas which originate from the so-called 
nuclei of Schwann’s sheath, for which reason they are to be regarded as nerve 
tumors. 



Fig. 17. — Low power magnification of tumor of lung. 


4. These nerve tumors may also contain ganglion cells the presence of which 
seems to be most easily comprehensible if they are regarded as being derived from 
nerve fiber cells also in the normal development of the sympathetic. 

Serre^ presented two cases with peripheral tumors. He expresses 
the following positive opinions relative to several questions at issue in 
cases of tumors of peripheral neiwes associated with Recklinghausen’s 
disease: 1. These tumors originate from sheath of Schwann. 2. They 
are part of a systemic disease. 3. Von Recklinghausen’s disease is not 
mesodermal in origin, but the tumors are “developed at the expense 
of the sheath of Schwann and hence are of ectodermal origin.’’ 

7. Serre, R.: Contributions to the Study of the Visceral Localization of 
Recklinghausen’s Disease, Thesis, Paris, 1923. 
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opposed to the appearance of clearly individualized adult connective tissue cells, 
the cytoplasm of which is never fibrillar. 

These tumors in no way resemble fibroids from which they differ by the 
morphologic appearance of the cells, the vascular alterations and the necrotic 
areas. 

Their cellular irregularities, their well individualized cells, the absence of 
vessels provided with true walls, their tendency to metastases, in a word, their 
characteristics of nonencapsulated malignant tumors differentiate them at once 
from the gliomas which are always encapsulated. 

There is no point of equal contact between these peripheral tumors of Reckling- 
hausen's disease and the connective tissue tumors. On the contrary there are four 
arguments which speak in favor of the neuroglial origin of these tumors. 

1. The absence of cellular individualization, the syncytial appearance. 



Fig, 20. — Low power magnification of tumor of heart muscle. 


2. The collection of the fusiform cells into bands or whorls, resembling the 
appearance of gliomas forming after amputations. 

3. The fibrillation of the protoplasm of the fusiform cells and the equally 
fibrillary structures of the stellate cells, similar to those seen in the gliomas of the 
brain (Lhermitte and Leroux), 

4. The structure of the vessels, the walls thickened by the fibro-hyalinc sul>- 

stance, the vascular obliterations. _ 

We can conclude with Lhermitte and Leroux as to their ectodermic neuroglial, 
syncytial origin and can consider them as peripheral gliomas developing at the 
expense of the sheath of Schwann. 

Conclusions : In Recklinghausen’s disease the tumors are not of the connee I'C 
tissue tjTJe of mesodermic origin. The tumors are all of the neuroglial type and 
arc gliomas developing at the expense of the sheath of Schwann and hence arc o 
ectodermic origin. 
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elongated nucleus surrounded by ill-defined protoplasm, separating the neighbor- 
ing cells without cellular individualization, that is to say, the syncytial type. 
Finally a very important characteristic should be noted— the protoplasm is finely 
fibrillar. 

The constitution of the reticulated tissue is very different from that of the 
compact tissue. Here the cellular elements are stellate cells with protoplasmic 
expansions more or less loose and anastomosing with the prolongations of the 
neighboring elements. The elements like the preceding, present a fibrillary 
protoplasm. 

This general description seems to hold true for all the cutaneous and visceral 
peripheral nerve tumors of Recklinghausen’s disease. 

Nature of the Neoplastic Tissue . — ^Let us see now why these tumors may be 
mistaken for fibrous tumors of connective tissue origin and how they may be 
distinguished. There are three points to be considered: (1) the presence of 



Fig. 19. — Tumor of heart and kidney. 


collagen; (2) the morphologic appearance of the cells; (3) the disposition of 
the vessels. 

Is collagen specific of connective tissue cells or vessels? 

Up to the last few years it has been considered that the collagen framework 
of the connective tissue is an integral part of the connective tissue cell. 

Lhermitte and Leroux have recent!}' shown, in the case of an intra-ventricular 
echinococcic cyst, that there was precipitation of collagen in the middle of an 
adult neuroglia tissue. 

In Recklinghausen's disease the presence of connective tissue cells cannot be 
concluded from the presence of collagen. 

The morphological appearance of the cells is of capital importance. The 
cells of these tumors are formed of a protoplasm with indistinct outlines which 
is prolonged into a very fine fibrillary arborization anastomosing with the arbori- 
zation of neighboring cells. Sometimes, even, the c}'toplasm assumes a more 
clearly syncytial appearance and many clear nuclei may be found. Finally, 
under high magnification, the protoplasm is seen to be clearly fibrillar, this being 
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neoplasm, but our neoplasm did not show the characteristics of a neurogenic 
sarcoma until two previous growths had been removed. 

The arrangement is very suggestive of epithelial origin, especially as the most 
actively growing cells are in glandular form. 

The histology suggests very closely the histology of certain ependymal neo- 
plasms. It is therefore necessary to resort to the theoiy that this neoplasm sprang 
from a cell which was carried down from the central nervous system in the 
development of the median nerve, it having its primary origin in the neuro- 
epiderm of the developing embryo. 

Percival Bailey ® has described the typical epend3nionia as follows : 

The tumor is composed of a mosaic of polygonal cells with well defined cell 
borders and heavy, coarsely granular cytoplasm. The cells are crowded against 



Fig. 22. — Low power magnification of tumor of kidney. 


each other and have a single, large, vesicular nucleus. Among them may 1» seen 
a few coarse fibrils which stain poorly with methods for the demonstration of 
neuroglia fibrils. In certain areas the fibrils may be seen to be the continuation 
of one extremity of the cells. In these areas the cells are apt to have a tendency 
to arrange themselves radially around blood vessels or around channels whose 
walls contain a little poorly developed, often byalinized connective tissue. No 
other connective tissue is present. In practically all the cells (probably all of the 
entire cells were included in the section) is to be seen a clear area containing some- 
times one, usually two or three, rarely as many as a dozen small, clean-cut mar - 
ings which stain heavily or by methods for demonstrating neuroglia fibrils, and 
may be spherical or short bacillus-like rods. These markings we have interpret 
as blepharaplasten, or tj'pical of ependj-mal cells. 

9. Bailey. Percival: A Study of Tumors Arising from Ependymal Cells, 
Arch. Neurol. & Pss'chiat. 11:1 (Jan.) 1924. 
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Stout® reported a case which presented certain points in common 
with my case. In discussing the case, Stout wrote : 

Turning now to tumors arising in the peripheral nerves one is impressed with 
the fact that the literature is very scanty, but the majority of authors consulted 
seem to agree that whether single or multiple, malignant or benign, they are of 
mesodermal origin, coming from the epineural or perineural tissue. In 1906, on 
the other hand, Verocay described a case with multiple tumors of the nervous 
system which showed in many of the nodules in the peripheral nerves what he 
believed to be a marked growth of cells of the sheath of Schwann. He is thus 
the first author to suggest that the neurilemma cells may be the source of tumors 
of the peripheral nerves. This view is looked upon with favor by Borst writing 
in Aschoff's Text Book. 



Fig. 21. — High power magnification of tumor of heart muscle. 


In conclusion, it may be said that the tumor under consideration is a malignant 
neoplasm. Since the neurilemma of the peripheral cells is probably homologous 
to the neuroglia of the central nervous system it is suggested that this tumor may 
be a neoplasm arising from neurilemma cells or lemmocytes. 

Lanford, in a previous report of this case, made the following 
observations : 

Adami quotes Verocay to prove that the cells of the sheath of Schwann are 
of neuroblastic origin and that any tumor arising from the sheath is a neuroma. 
If this is true, we would be forced to include many of the tumors encountered in 
von Recklinghausen’s disease and could find an explanation of the origin of our 

8. Stout, A. P. : A Tumor of the Ulnar Ner\'e, Med, & Surg. Rep. Presby- 
terian Hosp., New York, 1918, vol. 10. 
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There was a mass which extended up to the middle of tlie scar and- downward 
at least inches below the head of the radius. The mass seemed to be on 
the outer side of the biceps insertion. The skin moved freely over it. This mass 
was nodular, not painful and was movable in a lateral direction. Pressure on the 
mass did not produce any disturbance in the peripheral distribution of any of the 
mam branches of the brachial artery. Apparently this mass did not have any 
deep attachment. Just above the external condyle and to the outer side of the 
triceps, there was a small nodular, firm mass which was not movable. The skin 
glided freely over the mass. I could not feel any axillary mass. 

The patient was advised to have a roentgenogram of the chest made at once 
with the view of determining the operability. 

He did not return until Dec. 31, 1926. At that time the following examination 
was made : On the outer side of the left elbow just lateral to the scar, the skin 



Fig. 23 . — High power magnification of tumor in kidney. 

had a bluish tinge. There was an irregular, nodular mass under this area. The 
level of the growth was four fingerbreadths below the external condyle and 
apparently under the supinator longus muscle. The upper limit of the mass was 
more than four fingerbreadths above the external condyle. The mass was movable 
in a lateral direction, but not up and down. The anteroposterior diameter of the 
mass above the elbow was about 2 inches. It was nodular, hard and painful. The 
mass extended upward along the upper border of the external condylar ridge o 
the humerus. There was limitation of extension of the arm, about ISO degrees, 
and flexion of 45 degrees. He was able to palmarflex and dorsiflex the wrist. 
Supination and pronation of the forearm were not impaired. 

On the inner border of the biceps muscle, corresponding to about the midf c 
of the arm in the course of the median nerve and brachial artery, there was a 
hard, nodular mass which was movable in a lateral direction, which was not 
movable up or down. It was not fluctuant. The size could not be dimimshed by 
pressure, proving that it was not a vascular dilatation, at least to my mind, res 
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I can do no more than to leave this interesting tumor for further 
study by pathologists (Dr. Lanford and others) that it may eventually 
be properly catalogued. 

Swnmary. — 1. Recent investigations in embryology, particularly the 
work of Harrison, indicate that tlie sheath of Schwann is ectodermal in 
origin. 

2. The clinical experience of Verocay and others indicate that neo- 
plasms of the peripheral nerve arise from the cells of the sheath of 
Schwann. 

3. These tumors of the peripheral nerve may be a part of systemic 
disease. 

4. Recklinghausen’s disease is not mesodermal in origin. 

5. Penfield’s work would indicate that he is in accord with these 
statements. 

6. Epithelial neoplasms of peripheral nerves, when part of a systemic 
disease, may recur in the remains of the nerve, .but they do not cause 
involvement of the lymphatics. 

7. If recurrence occurs, amputation may be the only means of cure. 

8. I believe that this tumor had its origin in the cells of the sheath 
of Schwann. 

EPITHELIAL NEOPLASM OF THE BAOIAL NERVE ASSOCIATED WITH 
NEOPLASMS OF LUNG, HEART, LIVER, BRAIN, DURA, 
CALVARIUM AND SUPRARENALS 

Case 2. — History. — Mr. J. J. G., aged 53, complained of symptoms which began 
in June, 1926, when he first noticed a hard lump in the “crease of the right elbow,” 
which increased in size. On October 22, under local anesthesia a portion of the 
mass was removed by Dr. Metz. The mass recurred and became larger than 
before. He experienced pain, but function was not disturbed. 

In March, 1926, he was told that he had tuberculosis, because of a cough and 
a purulent expectoration which was streaked with blood. 

Examination — Examination was made on Dec. 13, 1926. There was a scar 
about 2^ inches long on the lateral aspect of the right elbow. The skin on either 
side of this scar presented nothing of note. The right elbow was larger than the 
left elbow. There was apparently a diminished carrying angle and fulness in the 
antecubital fossa. The difference in size of the two forearms extended down to 
the wrist. The hand, on the palmar aspect, seemed slightly purple, in fact, the 
whole hand presented a mild cj’anotic hue. When asked to pronate the forearm, 
he lifted the palm of the right hand up with the left; he called my attention to the 
fact that he was able to pronate the hand without the aid of the opposite hand, 
and demonstrated that fact. 

There was tenderness and a noticeable difference in the size of all of the 
fingers, those of the right hand being slightly larger than the left. The muscles 
of the forearm were flaccid. The skin showed no difference in temperature. Palpa- 
tion revealed all sensations present. 
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A circular type of incision was made. When the cuff of skin was retracted 
upward, the brachial artery was ligated. The axillary vessels were ligated. The 
median, ulnar and musculocutaneous nerves were cut high, and they were then 
“fish-tailed.” 

After this, the muscles were cut above, 1 inch higher than the skin cuff, the 
bone sectioned higher and the tourniquet released. Bleeding was not encountered. 
The muscles were quilted over, and the skin closed with interrupted derniol and 
fine continuous lock stitch. 

The specimen was sent to the pathological department for mspection, section 
and dissection, and the following pathologic report was made: The axillary 
vessels lay on top of the median nerve and were closely adheroit to the nerve. 
There was a groove on the inner aspect of this tumor mass made by the vessels. 
The median nerve could be dissected practically free from both vessels and the 



Fig. 25. — Suprarenal gland, low power magnification of tumor. 


tumor. The tumor mass measured 3 by 1.5 by 1 cm. It was irregular and nodular. 
In places, it seemed to have broken through its capsule and was adherent to the 
surround ing tissue. On the outer side of the growth and overlying it was a large 
nerve trunk mass. Peripheral branches of the nerve were seen coming out of 
the lower nerve of the tumor mass. Along the vessel which accompanied the radial 
nerve small but similar masses were found. The wall of the vessel at this point 
seemed thicker as though it contained some new growth. There was a mass lying 
imder the supinator longus muscle, which was about 6 by 3.5 by 2 cm. The upper 
portion of the muscle was normal in appearance, but the mass seemed to have 
invaded it. It was nodular and grayish. The radial nerve was dissected down 
and followed into the growth. Above the level of its penetration there * 

emai l nodule; this mass seemed to be of the same character as the rest. ic 

radial ner^'e below the muscle was dissected down to the wrist and was seen 
emerging from the mass, w’hile the nerve itself was smaller ^ than expectc 
normally. The supinator longus was sectioned in its most prominent point an 
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sure over this mass did not produce any disturbance in the peripheral distribution 
of the median nerve. Palpation in the axilla did not reveal any mass. 

He was advised that "nothing short of a high amputation is going to be of 
any service.” 

Progress Xoies. — Jan. 1, 1927 : The patient was admitted to hospital for 
observation. The mass on the right arm, along the course of the radial nerve, 
was probably a malignant tumor of the nerve. He had a cough and raised bloody 
sputum. A roentgenogram of the chest was taken. 



Fig. 24. — Liver showing metastatic tumor. 


January 2: Roentgen-ray examination showed what was taken to be 
fluid in the right side of the diest with some pleural thickening. 

January 3 : An operation was performed. A diagnosis was made of recurring 
and mctastazing epithelial neoplasm of mnsculospiral nerve; metastasis had 
occurred to the median nerve. 

The radiologist reported that "there was no evidence of metastasis to the 
chest.” 

Operation ; The arm was amputated. Wj'Cth pins were introduced in the front 
and the back and in the upper limit of the axilla, and a rubber tube tourniquet 
was used. 
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January 9: Hemoptysis occurred again in the afternoon.- There apparently 
was an ounce of blood. ^ 

January 10: The dressing was- changed in the morning. -The patient still 
complained of some pain. ' A small amount of-hlobd was present in the sputum 

throughout the day. The patient said 'that the luiiip in' the top of his scalp was 
larger. 

A consultation with Dr. Lemann, chief of the medical service, was asked. He 
reported It is my impression that there is fluid in the "pleural 'sac and I would 
recommend exploration with a syringe. In spite of suggestive history of preceding 
tuberculosis, I am inclined to believe we are dealing .with a pulmo'na^ry metastasis.” 

January 11: A laboratoiy report showed that the 'sputum was examined 
twice; tubercle bacilli were not foiind, but gross blood appeared both times. 



Fig. 27. — ^Tumor of spinal accessory nerve; low power magnification. 


January 12 : Profuse hemoptysis occurred in the morning. One-quarter gram 
(0.016 Gm.) of morphine was given twice, and S cc. of 10 per cent calcium chloride 
given intravenously. 

January 13 : The patient spat a little blood in the evening, for which morphine 
was given with good results; 5 cc. of calcium chloride was given intravenously. 

January 14: The patient spat blood; S ca of 10 per cent calcium chloride was 
given intravenously in the evening. 

January IS : He did not spit blood. The dressings were changed and the sutures 
removed. The wound healed, with primary union. Five cubic centimeters o 
10 per cent of calcium chloride was administered intravenously. 

January 17 : He had been spitting blood-streaked sputum the day before nit 
morphine was not given. Five cubic centimeters of 10 per cent calcium chlori<c 
was given on that day and S cc. calcium chloride the following day. 

January 18 : The sputum was still streaked with blood. 

January 19: The rvound was dressed, and the patient allowed to go home, 

improved. 
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the tumor mass exposed. The cut surface varied from pink to gray and was 
rather uniform, with the exception of a number of areas of small yellow 
comedones that exuded on slight pressure. The under portion of the cut sections 
showed rather distinct lobulations, especially where they had encroached on and 
distended the muscle. Blood vessels were not a prominent feature^ There was 
an irregular and nodular mass, measuring 7 by S by 2.S cm. which sprang upward 
on the lateral side of the triceps tendon. When cut, it presented exactly the same 
appearance as the outer tumor. 

A section was taken from the neoplasm involving the supinator longus, triceps and 
in the bicepital groove epithelial neoplasm presenting islands of embryonal cells, 
the centers of which showed keratinization. The young cells were somewhat 
columnar, and a few groups showing a suggestion of glandular arrangement sur- 
rounding new growth was suggestive of glia tissue (Lanford). 



Fig. '26.-^High' power magnification of tumor' of suprarenal gland. 


On January 3, the roentgen-ray report stated that the left side of the diaphragm 
was smoothly contoured, the right obliterated. No increase in the size of the 
cardiac or great shadows was visible. In the upper reaches of the left side of 
the chest, small fan-shaped density was observed whicli was considered to be 
suggestive of an early tuberculous lesion. The same tj'pe of fluffy shadow was 
visible in the upper right side of the chest, and the changes were scarcely sufficient 
to warrant a positive diagnosis. In the base of the right lung, the diaphragm was 
obliterated, and a definite, fairly large density was observed of the type commonly 
seen when fluid obliterates the base. Tlie pulmonary changes were insufficient to 
form the basis for a positive diagnosis of tuberculosis, although this must be 
considered as probable, but a neoplasm producing fluid cannot be ruled out. Con- 
sultation with the clinidan n*as requested (Henderson). 

On January 7, in the afternoon, the patient spat up a large amount of bright red 
blood and blood-stained sputum throughout the night. Hemoptysis occurred in 
the morning. 
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There was some bulging of the right side of the chest and a flatness of the 
whole right side of the chest. R^es were not heard, and the respiratory 
sounds were clear. The voice sounds were transmitted, not distant, but, if 
anything, intensity was increased. At the base, the voice sounds were distant 
and there were no rales. The mass in the side had not increased in size. The 
patient continued to expectorate blood freely. 

March 19: At 6 o’clock, the patient had a coarse tremor of the left arm, 
the left leg and the left side of the trunk. This coarse tremor was accom- 
panied by a fibrillary tremor of the Angers of the left hand. 

There was a decided deviation of the angle of the mouth to the right and 
also a widening of the left palpabral Assure. The weakness of the whole left 
side seemed to be becoming more prominent. 

March 20 to 24: The patient was unable to raise his left am. If the arm 
was elevated and the supporting force removed,-th&-patient's -arm -dropped to 
the bed. There was a coarse convulsive movement of the left side (upper and 
lower extremities). The right pupil was dilated. Respiration was irregular, 
and the pulse became markedly irregular. There was progressive difHcuIty in 
swallowing as well as progressive stupor. 

March 24: The patient died. 

Autopsy Report , — Postmortem examination was made on March 25. The 
body was that of a white man measuring about 170 cm. in length and weighing 
about 140 pounds (63.5 ^g.). The head was covered with a full suit of 
black hair. The right arm had been amputated at the shoulder joint, and the 
scar was well healed. There was a scar on the abdominal wall about 1 inch 
from the midline extending along the costal border for 3 inches. There was 
an irregularity in the scalp corresponding to a Arm irregular tumor mass that 
had extended entirely across the skull from one temporal ridge to the other; 
it involved about one half of the parietal bone anteriorly and extended back- 
ward to the occipital ridge. 

When the peritonea] cavity was opened the gallbladder was found adherent 
to the wall ; a number of adhesions were also found between the liver and the 
diaphragm; these were Arm, but fairly easily broken up. The liver extended 
about two Angerbreadths below the costal border. There was no evidence of 
inflammation of the general peritoneal cavity. The appendix was retrocecal 
and showed a number of old adhesions. The cecum was found to be slightly 
distended, and the transverse colon was very much so. There was a small 
band of adhesions which were Armly contracted and empty. The lesser 
peritoneal cavity was normal. The lymph nodes were not enlarged. 

When the sternum was removed, it was found to be adherent on the right 
side to the underlying structures of the right pleural cavity. The left pleura 
cavity was completely obliterated by Arm adhesions between the wall and the 
lungs. , 

When the heart was removed, a cellular mass was found in the posterior 
portion of the sac. This was particularly striking between the entrance ol iK 
inferior vena cava and the superior vena cava. The mass involved the rig it 
lung and almost completely obliterated it. 

The heart was flabby in consistency and dilated. The outer surface was 
pinkish red, and on the right ventricle there was a large soldiers pate i. 
An irregular nodular secondary neoplasm was noted in the wall of the c 
auricle and a similar nodule in the wall of the right auricle. The endocar inm 
was smooth, there being nothing within to correspond to the new grout loi 
the cpicardiuni. The attached portion of the aorta was the scat of a ra 
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He returned on February 24 because of persistent headaches. 

Examination showed a drcurascribed, hard mass which was movable with the 
skin of the scalp.-' 

On the right side of the abdomen on the outer- border of the right rectus, there 
was a small circumscribed, -hard,* slight movable, painless mass about 1 inch 
(2.5 cm.) in diameter. This mass did not increase in size when the patient 
coughed,' nor was it reducible into the abdomen. The patient was advised that it 
was impossible -to tell the exact nature of the condition without operation. In 
view of the facts of his past history, I advised removal. 

The woimd 'oh the stump was entirely healed. No mass was palpable in the 
stump. The skin over the axilla and the stump was freely movable. There was 
nothing to suggest a recurrence or metastasis of the axilla. 



Fig. 28. — ^High power magnification of a tumor of the spinal accessory nerve. 

Second Operation . — ^March 8, 1927: The preoperative diagnosis was tumor of 
the scalp and the abdomen.- A diagnostic incision was made. In making pre- 
operative diagnosis, the question arose as to whether we were dealing with 
metastasis from the original growth, or whether it was a cyst of the scalp. 

An incision about 2 inches long was made over the most prominent portion of 
the tumor of the scalp. As soon as the skin had been reflected, we saw a solid 
tumor. We immediately realized that we were dealing with a malignant growth, 
and decided to remove a small portion for section. This was done and a specimen 
sent to the pathological department. 

March 10: Since the operation, the patient had been restless and had com- 
plained that the weakness on the left side had been progressive. He lifted the 
left arm and forearm from the bed vvith difficulty. When the forearm was 
lifted up and the supporting force removed, the hand dropped. He had little 
grip. Loss of sensation in the distribution of the bracliial plexus of the left 
side was noted. 
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was forcibly removed, it was found that’ the superior longitudinal sinus was 
free from involvement; the falx cerebri was also free" of new growth. Section- 
ing of the brain showed the right cerebrum deeply infiltrated by the tumor 
mass for a distance of 1 inch in the middle portion of the parietal lobe and 
inches in the posterior portion; the new growth had extended over and 
pressed on the motor areas of the right side.’ The left side of the cerebrum was 
not infiltrated, the new growth being confined to the pia-arachnoid. The ven- 
tricles were normal. 

The anatomic diagnosis was: carcinoma of the lungs and mediastinum; 
secondary carcinoma of the skull involving the dura; secondary carcinoma of 
the brain; secondary carcinoma of the kidney; secondary carcinoma of the 
liver; secondary carcinoma of the suprarenal; secondary carcinoma of the 
heart and pericardium ; lobular pneumonia ; chronic pleuritis ; chronic splenitis ; 
healed tuberculosis, pulmonary; toxic nephritis; dilatation of the heart, and 
acute splenitis. 

The microscopic diagnosis was: squamous cell type carcinoma in the dura; 
brain, squamous cell type; in the suprarenal, secondary carcinoma with marked 
albuminous degeneration in the cortex; pancreas, normal; kidney, cloudy 
swelling, albuminous deposits and degeneration and chronic interstitial 
nephritis; spleen, chronic splenitis, passive congestion and amyloid deposits. 

Summary. — 1. This patient had a cough, hemoptysis and profuse purulent 
expectoration. 

2. He had been treated for several months for tuberculosis. 

3. He presented himself for examination after a tumor of the radial nerve 
had been excised. 

4. The recurrent tumor at the original site was larger than the primary 
growth. 

5. Roentgen-ray reports indicated fluid in the chest, without evidence of 
metastasis to the chest. 

6. An amputation was performed. 

7. A tumor of the scalp was later found to be malignant. 

8. Prior to death, the patient developed progressive weakness of the left 
side of the body. 

9. Autopsy revealed a carcinoma of the right lung, carcinoma of the skull, 
dura, brain, kidney, liver, suprarenal, heart and pericardium. 

.‘‘All tumors resembled epithelioma, all, except the nerve tumor could be 
classified as carcinomata.” (Lanford). 

The difference between this and the first case is apparent. 

Where was the original growth ? 

By searching the literature I found certain clues which may help 
to identify the present growth. 

Is this a neurocytoma — ^neuroblastoma beginning in the suprarenals. 
or is it a metastatic carcinoma with the lung as the site of the primar) 
tumor? 

Like Marchand, it will have to be admitted at the outset that muc i 
that is h3'poihetical will have to be stated. If a mistake is made others 
Avill eventualh’ correct our error. 
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early arteriosclerosis, small yellowish elevations being noted. . The coronar 3 ' 
vessels were markedly thickened, and in places, almost occluded. 

The right lung was small and almost entirely obliterated by a new growth. 
The lower lobe was most involved. Attached to the lung and the bronchus, 
there was a large mass of lymph nodes which were almost entirely replaced 
by new growth. On section, the lobe was found to be practically destroyed 
and replaced by a cellular pinkish-gray structure containing a few areas of 
necrosis. The blood supply of the part was relatively scant. A small abscess 
cavity was found filled with pus. The upper lobe was the seat of many spots 
of new growth. The left lung was doughy and rather uniform throughout, 
no firm nodules being detected. In the apex, there was an area of tuberculosis, 
and posteriorly, an area of lobular pneumonia. A slight amount of fluid exuded 
on pressure. 

The liver was slightly increased in size and relatively firm throughout. 
The dome on the right lobe, however, showed an area of increased con- 
sistency, but the outer surface over this area was smooth. In the lower 
portion of the left lobe, there was another area of increased consistency which 
had a rough and irregular outline and measured about 3.5 cm. in diameter. It 
was yellow. Throughout the entire anterior and superior surfaces of the liver 
were a number of tags of adhesions. On section, an enlarged tumor mass was 
found occupying the upper portion of the right lobe, measuring about 7 cm. in 
diameter. The tumor mass on section had a serrated irregular outline, and the 
cut surface was uniformly dirty yellow with a number of spots of necrosis. 

The spleen was small and bound down by a few adhesions. It was flabby 
and slate gray, except a long irregular area of congestion across its anterior 
third. On sectioning, chronic splenitis was revealed, and some slight increase 
in the pulp was noted. Grossly, there was no secondary neoplasm. 

The kidneys were slightly increased in size and rather flabby. They were 
more or less uniform throughout, except that in the left kidney there was a 
mass on its outer edge somewhat increased in density and oval in outline. On 
section, the entire cut surface was found rather uniform in appearance and 
presenting the picture of a toxic nephritis, and the area of increased density 
corresponding to a secondary growth. Several other areas of new growth were 
noted. The right kidney presented a similar picture but careful study failed to 
reveal any secondary neoplasm. 

The right suprarenal was flabby, and an area of increased density was 
found, irregular in outline; on section this appeared to be a neoplasm. It was 
definitely within the border of the suprarenal and had destroyed it. The gross 
appearance of this new growth was the same as that of the new growth in the 
outer organs. The left suprarenal was normal. 

The testicle was free from a new growth. The bladder was filled with 
cloudy urine. The prostate was normal, and no evidence of neoplasm, cither 
primary or secondary, was noted. The retroperitoneal space was free from 
any new growth. When the scalp was removed the tumor was found firmly 
adherent to and infiltrating the aponeurosis of the occipital frontalis muscle; 
palpation showed that it had destroyed the bones. The dura was firmly 
attached to the brain in the parietal portion by a tumor mass which had entirely 
infiltrated it. The tumor mass on its upper portion was rough, irregular, 
pinkish gray and contained spicules of bone by means of which it was con- 
tinuous with the calcarium. There were several depressions in the superior 
surface of the external parietal lobe of the brain as a result of the new 
growth pressing down. The under surface of the brain was normal. The 
pituitarj’ gland was somewhat swollen, but otherwise normal. When the dura 
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clinical and pathologic error in diagnosis, since the picture usually resembles 
some form of sarcoma and the tumor is as a rule diagnosed as such. 

As Reisman points out, the failure to recognize the condition clinicalb' 
may be due to the small size of the primary tumor, rendering it impalpable. 

Meltzer reported two cases : 

Case 1. Clinical History . — The patient, a man forty years of age complain- 
ing of severe stabbing pain in the left chest, shortness of breath, and cough. 
Roentgen-ray pictures showed opacity of the left lower chest to the level of 
the fourth rib anteriorly. A diagnosis of pleurisy with effusion was made. ■ 

Autopsy: The left lung was densely adherent to the chest wall, and when 
tom away no pus sac was discovered, but a great deal of degenerated, odorless 
material. This material came from the necrotic lower lobe, the greater part 
of which was occupied by a large tumor mass of a grayish color, with red and 
yellow patches of softening. This tumor measured 7 by 7 cm. in its greatest 
diameter. At the upper pole of the right kidn^, 3ust slightly invading the 
kidney substance was a rounded, firm, yellowish white mass, measuring 3.8 by 
4 cm. Small portions of adrenal cortex were seen adhering to the tumor. 

A soft hemorrhagic tumor, measuring 6 by 3^4 cm. was discovered in the right 
frontal lobe. 

Microscopic examination: The adrenal tumor consists essentially of diffuse 
deeply staining cells, interspersed here and there with bands of fine, pale, 
fibrils. The cells vary slightly in size, but the majority consists of a small 
dark rounded nucleus, with a very scanty cytoplasm in some, but in most no 
. cytoplasm is evident. Other cells are pyramidal in shape with again practically 
• no cytoplasm. Where the cells are crowded together densely the nuclei are 
elongated. Numerous mitoses are seen. A few very large cells, undergoing 
division, are present. The delicate fibrillar bands stain pink in eosin- 
hematoxylin sections. They do not possess the differential staining charac- 
teristic of neuroglia, fibroglia or collagen fibrils. The tumor is very vascular. 
Numerous thin-walled blood vessels are seen, and red blood cells lying free 
among the tumor cells. The "rosette" arrangement previously described, is not 
observed. 

In the lung tumor the same appearance is accurately reproduced. 

Case 2. Clinical History. — A man fifty-three years of age. Pain across upper 
abdomen, cough, and frequency of urination were complained of. 

Autopsy: The body is that of a much wasted man with a very prominent 
abdomen. On opening the abdomen it is seen that practically the whole cavit> 
is occupied by a hugely enlarged liver, whicli reaches to the right anterior 
superior spine. The liver weighs 11 pounds and is uniformly involved m a 
malignant process, being studded with tumor masses of varying size. 

The right adrenal is of normal shape, but appears to be slightly enlarged. 
When cut into a small rounded tumor measuring 8 cm. in diameter is fomi 
to occupy the medulla. The cortex appears normal in the gross. 

The lung is heavy and consolidated. The lower lobe is covered with a 
recent exudate. Wlien the lung is opened a white mass 4 cm. in diameter an 
roughly spherical in shape is seen at the hilus. Several smaller white nodu cs 
are scattered throughout the lower lobe. 

12. Meltzer, Sara : Neuroblastoma Occurring in Adults, Canad. M. J. W* 
647 (June) 1926. 
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In 1910, J. Homer Wright called attention to a group of tumors 
the nature of which has hitherto escaped general recognition. The 
essential cells of the tumor are considered to be more or less undiffer- 
entiated nerve cells or neurocytes or neuroblasts, and hence the names 
neurocytoma and neuroblastoma. They are considered to be neurocytes 
or neuroblasts for the following reasons : 

1. The cells, at least in places, are associated with delicate fibrils, often of 
considerable length, which do not stain like neuroglia, collagen or fibroglia 
fibrils by Mallory’s methods, and which are like the fibrils occurring in the 
“anlage” of the sympathetic nervous system. 

2. The cells associated with these fibrils have the same morphology’ as the 
cells from which the sympathetic nervous system and the medulla of the 
adrenal develop, and which are regarded by embryologists as arising from 
migrated primitive nerve cells. 

The fibrils may be arranged parallel to one another in bundles Avhich are 
intimately associated with masses of the cells, as are the fibrils with the 
neurocytes in the “anlage” of the adrenal of a human fetus in the fourth or fifth 
month. 

The tumors reported were found in the liver, lungs, adrenals, calvarium, 
brain and retroperitoneal tissue. 

The occurrence of these tumors in such a variety of situations is accounted 
for not only by metastasis but also by the generally accepted teaching that 
undifferentiated nerve cells migrate from the embryonic central nervous system 
to form the nerves and ganglia as well as the sympathetic system. 

Moreover, it seems reasonable to believe that certain other small cell 
tumors without the characteristic fibrils, occurring in various situations, arc 
also of this nature. 

Lederer “ reported a case in 1926, which he classified as a neuro- 
blastoma of the suprarenal gland. R. S., a girl, aged 4^ years, two 
months before admission had a swelling which appeared on the left 
side of the head and the left eye Ijecame prominent. At autopsy, a 
tumor involving the left suprarenal was found. 

The cranial bones were involved. Tumors in this region “were of an 
osteoclastic nature as evidenced by a cellular invasion and osseous 
absorption.” 

In discussing the case he said : 

In the primary tumor the ganglion cells were in parts of the tumor, being 
present in groups, or scattered singly among the spindle cells. In the 
metastascs, however, after careful and prolonged search, no ganglion cells 
could be discovered. This corresponds to the observations of most authors 
that these tumors metastasize only by virtue of the undifferentiated cells. The 
absence of differentiated cells in the metastascs is the chief reason for both 


10. Wright, Homer, J.: Neurocytoma or Neuroblastoma: A Kind of Tumor 
Not Generally Recognized, J. Exper. Med. July, 1910, vol. 12. 

11. Lederer, Max: Neuroblastoma of the .Adrenal Gland (Hutchinson 
Type) : Report of a Case, J. Cancer Research. 1926. vol. 10. 
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fibrils or fibrous tissue. Comparing these neoplastic cells with the nonnal 
small round mono-nucleated cell, they were larger and more irregular in size 
and shape. The neoplasm was extremely vascular. 

He summarized his observations and his study of the literature as 
follows : 

As regards the occurrence of tliese tumors in such varied positions, this 
can be explained by the fact that the primitive nerve cells wander out from 
the embryonic central nervous sj'stem to form the sympathetic nervous S3'stein, 
and consequently tumors of this type may be found almost am'where. 

Finally, neuroblastoma may not be as rare as they were originally con- 
sidered to be, as many which were or are diagnosed as sarcomata are really 
of nervous tissue. Of the two tj'pes neuroblastoma and ganglio-neuroma, the 
latter is the rarer of the two. 

Of late years the interpretation of tumors of the ner\’ous system has under- 
gone many changes. For example, some 5'ears ago, the present case would 
have been classified as a sarcoma of the small round-cell type, but now it is 
recognized that neoplasms of the nervous system may be composed of the 
de\'eIoping cells of the various parts of the nervous system. The neuroglia, or 
its various modifications may form tumors; as can also ganglion cells with 
nerve fibers, or the comparatively undifferentiated cell, wdiich is the antecedent 
of these tissues. Thus we find tumors composed of cells which are the forbears 
of the sj-mpathetic sj'stem, tlie chromaffin system, and the ganglion cells or 
neuroglial cells. 

In the formation of the nen'ous system the epiblastic cells which line the 
medullary groove can develop into nervous elements or the supporting glial 
tissue. Nerve fibers maj' grow out from this central region and form the 
peripheral nervous sj'stem, or on the other hand neuro-epithelial cells may 
wander into the body and organs, and in relation to these org^ans give rise to 
the elements composing the sj-mpathetic sj'stem. 

In 1914, H. R. Wahl“ reviewed the subject of neuroblastoma. 
He reported: 

It is becoming recognized, especially in the last four or five j'ears, that the 
most highly differentiated tissue of the body — the nerve tissue — ^may and does 
frequently undergo blastomatous change. True nerve tumors, i. e., grou'ths 
consisting of specific nerve elements, may occur in any part of ffie nervous 
structure, but by far the greater number of them have their origin in the 
sympathetic sj'stem. These tumors may be either benign or malignant. 

In his summary and conclusion, he stated : 

Nerve tissue may give rise to new growths, which are properly called neuro- 
blastoma. _ , , . 

Neuroblastomata are manifestations of a pathologic condition more or 
localized or diffused in the whole or part of the nervous system. If localize 
to one focus, as is usually the case, the result is a solitao’ neive tumor 
(ganglioneuroma) ; if generalized, multiple tumors result. 

14. Wahl, H. R.: Neuroblastoma, with a Study of a Case Illustrating the 
Three Tj-pes That Arise from the Sympathetic System, J. M. Researc , 

June, vol. 30. 
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Summary: Neuroblastoma is a tumor almost confined to infancy, and 
early childhood. Both of the cases recorded in this paper occurred in adults. 

In the microscopic picture one feature common to both tumors is the absence 
of “rosettes.” We know that in the development of the sympathetic sj'stem the 
cells are frequently found arranged in rosette form. In the fully developed 
adrenal medulla these do not occur. This raises the possibility of some rela- 
tionship between the age of the patient, and the finding of “rosettes” in the 
microscopic structure. 

As the tumor is derived from the primitive nerve cell or neuroblast it may 
occur in any situation where such cells are encountered. It is, however, 
confined almost entirely to the sympathetic nervous system, and occurs most 
frequently in the medulla of the adrenal which itself is derived from that 
system. 

It was pointed out some years ago by Frew that the site of the metastases 
depends on whether they are derived from the right or left adrenal. Thus if 
the primary tumor occurs in the left adrenal metastases will appear most 
frequently in the bones, especially the calvarium, but also in the liver and other 
organs, thus giving the first clinical variety. If the tumor is derived from the 
right adrenal, secondaries occur in the upper surface of the liver, the lung, and 
more rarely in the calvarium, and tliese fall into the second clinical group. We 
see that secondary growths occur most frequently in the skull, liver, and 
lungs, but they also occur in any of the bones, the sternum, vertebrae, ribs, 
and long bones: in the opposite adrenal, in the kidneys and even in the skin. 

Apart from its position there is nothing characteristic in the gross appear- 
ances of a neuroblastoma. Microscopic, however, it possesses certain definite 
characteristics and a typical case can be recognized without difficulty. 

Flemming and Davidson reported a case in a boy, aged 4 years. 
The autopsy observations were: 

The whole of the subcutaneous tissue of the scalp was replaced by a red 
fleshy mass of tumor growth. This growth covered the whole of the frontal, 
parietal, occipital, sphenoidal and part of each temporal bone on either side. 
It was dark red in color and had the appearance and consistency of muscle. 
Over the parietal bone the neoplastic mass was 1.5 cm. in thickness. 

On section of the skull, the neoplastic growtli was seen to penetrate the 
bone, so that most of the extradural space was occupied by a mass of malignant 
growth. There was very marked invasion of the internal surface of the frontal 
bone. 

Suprarenal Glands. The left suprarenal was replaced by a large homo- 
geneous, dark red, comparatively soft mass, 6 by 5.5 cm. in size. 

Long Bones. Both those of the upper and lower limbs were definitely 
involved. The marrow was almost entireb' replaced by tumor growth which 
invaded the bone, making it extremely friable and thin. 

Microscopic Appearances — Primary Neoplasm. The tumor was composed 
of small cells which were either roundish or elongated in .shape. There wsis 
very little cj'toplasm present, the most of the cell being occupied by a nucleus 
which in many cases was hyperchromatic. In certain areas these cells tended to 
assume a “rosette” or circular formation. Interspersed among the cells was 
a meshwork of fine fibrils which did not stain with the specific stain for glial 


13. Flemming, Robert A., and Davidson, James : A Case of Neuroblastoma 
(Neurocytoma), Tr. Medico-Chir. Soc.. Edinburgh. 1924-1925, pp. 142-151. 
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Whether this is a neurocytoma or neuroblastoma of the variety 
described by J. Homer Wright or whether it is a metastatic carcinoma 
with the lung as the site of the primary lesion, cannot be definitely stated 
at this time. 

Neoplasms of the peripheral nerves associated with evidence of pul- 
monary lesions should certainly direct attention to the lung as a factor 
before operative intervention is resorted to. 

The recognition that true tumors of the nerve, either benign or 
malignant, do occur in any part of the nervous system should be more 
generally appreciated. 

ENCAPSULATED TUMOR OF THE SPINAL ACCESSORY NERVE 

Solitary neoplasms of cranial nerves must be considered when 
differentiating masses in the neck. This single point is my reason for 
adding the third case to this presentation. 

Case 3. — Mrs. G. L., aged S3, was referred by Dr. I. 1. Lemann because of 
the presence of a swelling on the right side of her neck. This swelling had 
been noticed only two months before she came under observation. There was 
a history that the mass increased and diminished in size. She complained that 
the mouth was dry and that recently there had been a small amount of saliva. 
Pain was not associated with the mass. 

This patient had been under Dr. Lemann’s care because of hypertension. 

Tonsillectomy had been performed by Dr. R. C. Lynch one and one-half 
years 'before the present examination. Following the operation, there was a 
secondary hemorrhage which was controlled by sutures. 

Examination . — She was examined on April 29, 1927. There was swelling 
on the right side of the neck which extended down to the upper level of the 
thyroid cartilage. The mass lifted up the stemomastoid muscle and seemed 
to extend upward to the tip of the mastoid. The skin over it was neither red 
nor glossy. Pulsation was not noted in the mass. There was a pulsation 
below the level of the mass, and this pulsation seemed to extend upward from 
the junction of the middle of the upper third of the clavicle and reached the 
stemomastoid about its middle posteriorly. A pulsation was noted in front 
of the mass, and this corresponded to the facial artery. 

No palpable mass was found about the ascending ramus of the mandible 
on the right side. When the patient opened and closed her mouth, the condyle 
immediately under the skin could be palpated. The glands in the digastric 
triangle on both sides were palpable. There was a mass, the lower limit o 
which corresponded to the upper limit of the thyroid cartilage, which could 
be palpated as high, I believe, as the tip of the mastoid. The mass was not 
adherent to the muscles and could be moved laterally. It was not nodular, 
but seemed to be smooth. No pulsation was imparted to the finger. I cou 
get a lateral range of motion of about 1 inch. The floor of the mouth did no 
show bulging, and with the finger in the mouth I could feel a mass 
immediately on top of what I believed to be the internal carotid arterj'. T c 
mass did not cause any bulging of the posterior pharj'iigeal wall. There was 
no bruit over the mass. 

The diagnosis was probable tumor of the carotid body. 
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Owing to the extensive variation in the degree of differentiation of the 
cellular and fibrillar structures in the undifferentiated type of nerve tumors 
different 'portions of a malignant neuroblastoma may differ widely in their 
appearance. 

The possibility that this case represents metastatic carcinomas with 
the lung as the site of the primaiy growth cannot be overlooked. 

Reference to Barron’s excellent work on carcinoma of the lung is 
convincing. He stated : 

The metastases from lung carcinomas are frequent and numerous. Accord- 
ing to Adler, the principal metastases in his collection of 374 cases were to 
these organs: (1) lymph nodes, 117; (2) liver, 103; (3) lungs, 66; (4) 
kidneys, 58; (5) suprarenals, 38; (6) brain, 28 (dura mater, 10), and (7) 
bones (vertebrae, 5). 

Briese, in his series of sixty cases, found metastases absent in only 
four cases. Of the twenty-one organs and tissues listed in the order of 
frequency, the principal ones involved were: (1) regional lymph nodes, 
43; (2) liver, 25; (3) pleura, 17; (4) kidney, 17; (7) lungs, 11; 
(8) brain, 11; (9) bones, 9; (12) ovary, 7; (13) suprarenals, 6 and 
(17) dura, 3. 

It is true that none of his collected cases present evidence of 
metastases to peripheral nerves, but there is evidence of metasases to 
the brain and spinal cord. 

The other organs involved in our case are frequently involved in 
cases cited (liver and suprarenals). 

Brunn stated : 

Metastases occurred in 85 per cent of the cases, klany of the initial 
symptoms were due to metastatic involvement. These occur relativelj’ early and 
may be the condition that brings the patient to the doctor. A great many of 
the clinical diagnoses were made on metastatic involvement, mainly cerebral 
or bone involvement. The brain was involved in 12 per cent of the cases, the 
liver in 30 per cent, and the kidneys in 20 per cent. Two striking features in 
the occurrence of metastases are that the heart was involved in 21 per cent of 
the cases and the suprarenals in 14 per cent in a study of 626 case reports. 

Lanford stated specificially that all of the growths may be considered 
metastatic carcinoma, except those of the nerve. 

We know this patient had evidence of lung involvement before the 
tumor of the nerve appeared. Reference to his history shows that he 
was treated for tuberculosis long before he came under our obser\'ation. 
This is a common error. 

Summary . — My second case illustrates a tj^e of malignant epithelial 
neoplasm which not onh' recurs in the original ners-e, but which may 
involve other peripheral ner\'es. 

15. Brunn, Harold: Primary Carcinoma of the Lung. Arch. Surg. 12:406 
(Jan.) 1926. 
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running across it, giving the appearance of a myxomatous tumor 
previously mentioned looked like a nerve bundle. 


The cord 


uneventful except for slight parotitis. 

Ine wound healed primarily. 

The laboratory examination (July 13) showed the specimen to be an 
irregular oval mass of tissue, measuring about 5 cm. in diameter, with a 
small projection about 0.5 cm. thick and apparently made up of a number of 
individual fibrils suggesting a nerve. The outer surface varied in color from 
a red to a ydlow tinge, and the entire mass was pseudo-encapsulated. It was 
soft, but uniform. On section, it offered little resistance to the knife and 
presented a cut surface that varied from a light pearly gray to a pinkish tinge 
and was divided into irregular lobules by a connective tissue of increased con- 
sistency. The blood vessels were not prominent. Cellular neoplasm of unde- 
termined type was diagnosed. 

Microscopic examination showed that the specimen was made up of a 
number of cells occurring in irregular masses which were differentiating into 
nerve tissue. Some of the cells showed large vesicular nuclei, and in others, 
mitotic figures were present. The older cells showed a relatively well defined 
nuclei and a cytoplasm scanty for the most part and divided into innumerable 
little fibrils which were anastomosing •ftrith similar fibrils from other cells. The 
histology suggested glioma, whereas other areas suggested a more cellular 
form of neoplasm. 

The diagnosis was neurocytoma (X.anford). 

August 8: The examination following operation showed that the wound 
was entirely healed. There was no discharge.' There was still some enlarge- 
ment of the right side of the neck, and the skin was infiltrated. There were 
enlarged glands in the supraclavicular region. There was atrophy of the 
trapezius, supraspinous and infraspinous muscles of the right side. 

The patient did not voluntarily completely extend the right elbow. The 
right shoulder was lower than the left. She volunteered the statement that 
she was unable to get her arm up to comb her hair. 

August 10: She returned to the hospital, where 1,950 mg. hours of radium 
treatment was applied to the right side of the neck. 

August 27 : Atrophy of the muscles about the right shoulder was noted. 

November 21: The right shoulder was much lower than the left. The 
clavicle was prominent, particularly near the acromioclavicular joint. There 
was a definite depression on either side of the clavicle at the outer end. 
Marked atrophy of the trapezius and supraspinous and infraspinous muscles 
Was noted. Abduction of the arm was painful, and atrophy was more prom- 
inent when the arm was abducted. 

"Voluntary extension of the elbow was limited to about ISO degrees. Passive 
extension beyond that point was painful. 

There was no limitation of rotation of the head. "V^Tien the head ^ras 
inclined to the left side, there was some discomfort as of stretching, 


mass was palpable in the mouth. 

The operative scar was smooth and freely movable. There was no palpable 
mass in the region of the previous tumor. 

This tumor was solitary, encapsulated and developed along the course o 
one of the cranial nerves. For these reasons, it seemed to fall in the same 
class as neurinoma and acoustic neuroma. This classification is corrcrt i ® 
tumor arose from the sheath of Schwann, according to Verocay and Cushing. 

Lanford’s description ivould seem to place it in this categoiy. 
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From my examination, I had the impression that it was a tumor of the 
carotid body for the following reasons: 

There was a discrete, smooth, nonpulsating mass which had lateral mobility, 
but none in the long axis of the body. It was not adherent to the underlying 
structures. There was nothing which in any way would lead one to suspect 
aneurysm because of the absence of expansile pulsation and also because of 
the absence of bruit. 

Primary carcinoma of the lymph glands of the neck is so rare as to rule 
it out ordinarily; more than that, the lack of fixation, the fact that the mass 
was discrete and that there were no similar masses seemed to eliminate 
carcinoma. 

The blood dyscrasia seemed to be ruled out by the observations of Dr. 
Lemann. Cysts in the neck, branchial, thyroglossal, ranula were not usually 
found at this age. Aberrant thyroid must be considered, but the smooth, 
rounded contour seemed to eliminate that in my mind. S 3 'philis and tubercu- 
losis seemed to rule themselves out on many grounds. 

The diagnosis of tumor of the carotid body was made both by elimination 
and by the manifestations present. 

The operation was not performed until July 13, 1927. 

The preoperative diagnosis was imdetermined, but several conditions were 
considered among which were a tumor of the carotid bodj*, branchiogenitic car- 
cinoma, aberrant thyroid and possibly a cured false aneurj'sm. 

An incision was made from the tip of the mastoid process, 3 inches in 
length, extending along the anterior border of the sternomastoid. The sterno- 
mastoid was reflected outward and the carotid vessels and jugular w'erc 
exposed and retracted medially. The sternomastoid was lifted up, and the 
tumor could be palpated under it as far as the angle of the jaw. 

The parotid gland was exposed at the upper angle of the incision. In 
order to have better exposure of the tumor, a second incision was made, 
beginning at the upper limit of the original and extending obliquely downward 
and baclnvard along the mastoid process for about 2 inches. 

The sternomastoid was cut across and reflected. This permitted us to 
obtain a free exposure of the mass. A tumor mass, about lyi inches long and 
^ of an inch wide was seen to occupy a position immediateb' lateral to the 
great vessels of the neck. The upper limit of the mass was continuous with .i 
small "cord,” the lower limit was continuous w'ith a similar "cord” which 
extended down a short distance paralleling the vessels. The tumor itself, 
between the upper and lower structure, with which it fused gave the appear- 
ance of a punching bag suspended from a ceiling and held fast b)' an attached 
cord to tlie floor. The fibers of the cord above and below spread out over 
the bulbous enlargement like a fan. The upper portion of the cord could be 
followed upward under the mandible. 

When an attempt was made to dissect the tumor away from this fanlike 
projection over its surface, we found that this was impossible. 

The tumor was excised well above the upper limit of the bulbous enlarge- 
ment and well below the bulbous enlargement. While we were removing 
the mass, that portion which had previously been dc-'cribed as being thin- 
walled ruptured, and a dark-yellowish material (which did not give the 
impression that it was gaseous) was spilled in the field. The mass wa« 
removed and turned over to the pathologist. .All bleeding points were clamped 
and ligated, muscle planes approximated and skin closed. A gross section of 
the tissue showed a cavity with smooth, thick walls and many blood vessels 
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Penfield“ denies that this group arises from this source. He 
stated : 

The fibers produced in these neoplasms show that the type cell bears no 
relation to neuroglia nor to the ectodermal sheath of Schwann cells. 

Mallory (1920) in a careful histological study of the type cell of the 
so-called dural endothelioma suggested that the fibroblast was the t 3 'pe cell of 
the nerve sheath tumor as well as of the “endothelioma.” He therefore pro- 
posed the name “peri-neurial fibroblastoma,” assuming an origin from the 
connective tissue which surrounds the nerve. Inasmuch as we have found 
that the fibers in these tumors are not neuroglial and not nervous in nature but 
represent a particular form of collagen it is obvious that we must confirm 
Mallory’s opinion provided the neurofibromata be excluded from the group. 

The perineurial fibroblastoma must be considered to arise from the peri- 
neurial or endoneurial connective tissues which invests nerve fasciculi and 
fibers. 


CONCXUSIONS 

1. It may be presumptuous to attempt to classify this tumor in 
accordance with Verocay, Cushing and Lanford, in opposition to Mallory 
and Fenfield; yet in view of the fact that I believe that the sheath of 
Schwann is ectodermal in origin and the fact that Lanford found cells 
which suggest “differentiation into nerve tissue,” I believe that it is 
justifiable to consider this an epithdial neoplasm. 

Future investigation may change the designation. 

The essential points for us as surgeons are : 

2. To recognize that solitary tumors of the nerve occurring in or 
on a peripheral or cranial nerve occur more frequently than we have 
accustomed oursdves to believe. 

3. These tumors must be considered when masses in the neck are 
differentiated. 

4. This tumor of the spinal accessory nerve was solitary’. Up to the 
present time, the patient is comfortable, witliout any evidence of further 
trouble. 
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cause the injury that knife incision of the parenchyma would cause. 
Hemorrhage is avoided both during and after operation. Collective 
statistics on nephrolithotomy indicate that hemorrhage is usually fre- 
quent. At the International Urological Congress in Rome in 1924, 
collective statistics were given in 686 cases of nephrotomy- 
serious bleeding occurred in 85 (13.5 per cent) and 22 of the patients 
died. 

If nephrectomy is indicated in cases of malignant tumor, tuberculosis 
or pyonephrosis, Rovsing begins by doubly tying the ureter with silk 
a few centimeters below the pelvis, and with cautery sears through the 
ureter slowly and cauterizes the mucous membrane in the lumen. Next, 
the kidney is isolated, care being taken that the capsule is not ruptured. 
The vessels are ligated with strong catgut and the kidney delivered 
through the wound. Then an incision 2 cm. long is made through the 
skin and fascia in the iliac fossa. A blunt perforation in the muscles 
and peritoneum is made and the peripheral stump of the ureter is 
drawn through and fixed to the skin. This guards against infection 
from the ureter, and in tuberculosis any subsegurat tubercle of the 
ureter and bladder can be treated by the injection of a solution of. 
carbolic add. 

Rovsing regards nephrectomy in polycystic kidney as inexcusable, 
even though some patients survive the operation. The disease is always 
bilateral and so little functioning renal tissue remains that uremia is not 
infrequently a sequel to the removal of one of the kidneys. It is 
essential to protect and set free as much as possible of the remaining 
kidney which is compressed by the tension of the cysts. This is done 
by multiple puncture of the exposed kidney which reduces it to normal 
size. The kidney is replaced and the wound dosed around a drain. 
Oozing of urine or a <±ronic urinary fistula never occurs. Relapses 
are rare and renal function improves inunediatcly after this type of 
conservative surgical procedure. 

Rovsing uses a simple method of nephropexy which has the 
advantage over other methods of fixing the kidney securely in an abso- 
lutely normal anatomic position without injury, without leaving foreign 
bodies and without fixing the kidney to osseous structures. An angular 
indsion is made, starting externally to the erector spinae musde at the 
level of the tenth rib, passing perpendicularly down to midway between 
the t%velfth rib and the iliac crest, and from there going forward for 
10 cm. The kidney is drawn out through this indsion, after bdng care- 
fully loosened from its adhesions to the peritoneum and fat capsule. 
Retracted strands of fascia along the ureter are severed or loosened ‘wdn 
a blunt instrument, as they tend to draw the kidney down again and 
cause pain. The membrane is incised longitudinally from the upper 
end to the juncture between the third and fourth quarters of the kidnej, 
and from the ends of this incision, transverse ones are made out to the 
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Surgical Technic. — ^Rovsing^ discusses his technic in operations on 
the kidney. The 'conditions most conducive to good results are the 
position of the patient and the incision wliich will give free access 
to the swollen, friable and adherent kidney. According to his procedure, 
the patient is placed on his back, in such a position that the edge of the 
table coincides with tlie free border of the erector spinae muscle, from 
which the lumbar region is readily accessible for the incision that begins 
midway between the twelfth rib and the iliac crest and continues forward 
to the border of the rectus muscle in cases of large tumor. In cases 
in which the ureter is to be exposed, the incision passes around the 
anterior superior spine of the ilium obliquely down toward the sj'inpl^'sis 
pubis. Through this incision, the hand may be introduced into the 
retroperitoneal space, and the kidney carefully and definitel}' isolated 
from its surroundings, thus bringing it uninjured outside the wound. 
This is important in ordinary suppurative processes, and in cases of 
tuberculosis and malignant tumors it is absolutely necessary in order 
to insure a good result. 

In case a single stone lies free in an aseptic renal pelvis, Rovsing 
does not remove it through an incision in the pelvis. As a rule, he 
perfonns nephrolithotomy in the following manner: The stone is 
held behveen the thumb and index linger of the left hand, while an 
incision is made with a small knife in the capsule on the convex side of 
the kidney over the site of the stone. A forceps is then forced through 
the renal tissue on to the stone, dilating the opening so that a stone 
forceps may be inserted and the stone removed. This method docs not 

1. Rorsinpr. N. T. : ify Tcclinic in Operations on Kidnej*. Practitioner IIS: 
164 . 1927 . 
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children. Mathe employs the silver wire method in opening the paren- 
chyma of the kidney, and during the procedure he clamps the pedicle 
in order to lessen hemorrhage. He uses a double layer of mattress 
sutures to close the kidney. Fat is included in these sutures to prevent 
postoperative hemorrhage. 

Phlebitis occurred in 2.8 per cent of Mathe’s cases.- It usually 
occurred in the internal saphenous vein. Treatment consisted of rest, 
compresses of hot boric acid and elevation of the aifkted member. 
Quinine, given either by mouth or intravenously, seemed to hasten 
recovery. 

In thirly-two cases of nephrectomy for tuberculosis, the wound 
healed in the average time of ten weeks, and in nephrectomy for 
pyonephrosis, the average was three weeks. 

Mathe pays careful attention to cardiac complications; in most of 
his cases the heart is examined by a competent internist before operation. 
Some patients are put on a digitalis regimen prior to surgical interven- 
tion. Mathe gives 15 drops of a digitalis product hypodermically every 
four hours after the operation until the pulse reaches 70. Although the 
peritoneum -was opened on a number of occasions, symptoms of peri- 
tonitis did not develop. Usually, operations on the kidney can be per- 
formed extraperitoneally. In dissecting out large adherent tumors care 
should be taken not to injure the pleura. In case the pleura is injured, 
low-grade pleurisy develops, which usually clears up in a week or two. 

In 50 cases in which operation was performed between 1906 and 
1916, a period before complete urologic examinations were made, the 
mortality rate was 6 per cent. Between 1916 and 1926, the mortality 
was 2.04 per cent in 320 cases. A careful estimation of the renal 
function and a study of the working power of the opposite kidney allows 
elimination of cases with a poor risk. 

Hinman, in discussing Mathe’s paper, did not feel so confident about 
the safety of leaving clamps in place following nephrectomy, as Mathe 
has done in a number of cases. Hinman calls attention to a rather high 
percentage of fatal postoperative hemorrhages following release of the 
clamps, and he expresses the opinion that the damps should not be 
left on except in extreme emergency. He has not left damps on during 
the last ten years. He always carries out hypodermodysis during 
the operation, so as to supply plenty of fluids to the patient before he 
recovers from the anesthetic. Hinman believes that a large proportion 
of failures in conservative as wdl as radical operations on the kidney 
are due to secondary infections. These infections are produced or 
made more serious by rough and prolonged operation. Dispatch at 
the time of operation is one of the greatest assets of successful rena 
surgical procedures. 
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sides. The membrane is then separated with the help of a flat sound, 
so that it looks like two folding doors or wings out to the sides. A 
strong piece of catgut is passed in and out through the portion of the 
membrane attached to the lower end of the kidney with a special needle 
curved on the flat plane. The ends of the catgut suture are next threaded 
through large curved needles and passed out through muscles and fascia 
to each side of the upper end of the lumbar incision. They are tightened 
until the kidney in the loop of catgut is drawn up into the exact normal 
position, and are tied over the fascia at the level of the tenth rib. The 
lumbar wound is sutured in four stages, the fascia and the skin with 
metal, and the muscle with catgut. After a period of from ten to 
fourteen days, the kidney is fixed in the normal position by the two 
wings of membrane. JRovsing has performed this operation about 
300 times and considers it almost ideal. Pain entirely disappears, and 
in only 10 per cent of his cases has it partially returned. 

Rovsing first performed nephrolysis in 1892, in a case of medical 
nephritis of the type which is now called nephrosis. Since then he has 
performed operations in at least 100 cases of nephritis that had been 
refractory to medical treatment, with an operative mortality of 4 per 
cent. 

In cases of painful horseshoe kidneys without infection or other 
complications wliich would necessitate removal of one kidne}', but in 
which it is simply a question of preserving all the renal tissue, Rovsing 
performs laparotomy through an incision in the rectus muscle, and 
exposes the isthmus by an incision in the posterior sheet of the peri- 
toneum. The tissue of the isthmus is slowly crushed through with a 
powerful angiotribe until only the capsule persists. The angiotribe is 
removed and replaced by two narrow clamping forceps between which 
the capsule is cut through. The capsule is sewed close to the renal 
tissue with a continuous catgut suture, the forceps are taken off, and 
the liberated kidneys immediately retract into their respective beds. 
The two peritoneal wounds are carefully sutured and the abdominal 
incision closed. 

Surgical Complications. — ^j\'Iathe " reviews 370 cases of disease of the 
kidney in which operation had been performed in St. Mai^’'s Hospital, 
San Francisco. The most common complications were shock, hemor- 
rhage, cardiac lesions, phlebitis and embolus. 

Surgical shock or exhaustion occurred most frequently in cases in 
which a considerable amount of blood had been lost after the removal 
of a large kidney. All bleeding points should be securely ligated during 
the operation. Loss of blood should be particularly guarded against in 

2. Matlie, C. P.: Renal Siirgco’-* hs Pitfalls and Complic.'Uions. California 
& West. Med. 28:57. 1928. 
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Nephropexy.— who studied the late results in a series of cases 
in which nephropexy was performed during the last twelve years, 
concludes that this operation gives more lasting and better results in 
cases in which there is renal retention or persistent oliguria. The 
results are less satisfactory in cases in which nephropexy is performed 
because of pain in the region of the kidney without other urinaiy 
distress. 

If patients are in pain because of a movable kidney, and are nervous 
and dyspeptic, signs of renal retention should always be investigated. 
This should be accomplished by means of ureteral catheterization. 

If orthopedic or medical treatment does not relieve the patient, 
nephropexy should be performed because such kidneys usually contain 
fibrous or perinephritic lesions which diminish their functional value 
and predispose them to infection. 

Foreign Bodies. — Brattstrom ^ reports a case in which two grass 
straws covered with concretions were found in the renal pelvis. The 
straws had probably been introduced through the urethra to the bladder 
and had found their way into the ureteral orifices and later the kidney. 
Nephrectomy was performed. 

Tuberadosis. — ^Kidd ® states that tuberculosis of tlie urogenital tract 
is a disease of adolescence, as common in males as in females, and 
induced by the stresses of puberty, work, marriage and parenthood. 
Clinical experience suggests that the human and bovine type of Bacillus 
tuberculosis produce two different types of disease. The first runs a 
rapid course and proves fatal in two or three years, a type whidi 
may be due to an infection with the human strain of the badllus. 
The second runs a slow course of from ten to twenty years, in which 
the prognosis is excellent after surgical intervention, and in which the 
bovine type of bacillus may be concerned. 

The bacillus is absorbed into the blood stream and may infect the 
kidney, seminal vesicle or testicle primarily, and no other organ of 
the body. In most cases, tuberculosis of the kidney appears as a 
unilateral blood borne infection. In women, the disease always starts 
in the substance of a kidney and extends into its pelvis, producing 
pyuria and increased frequency of urination. In men, the disease may 
start primarily in the testicle, extending along the lymphatics of the 
vas to the vesicle, prostate and base of the bladder, or it may start in 
both the testicle and the kidney. 

6 . Petit: Les resultats lointains de la nephropexie, Presse med. 2:1365, 19^- 

7. Brattstrom, Erik: Unusual Case of Foreign Body in Kidney, Acta c ir. 

Scandinav. 62:56, 1927. 4 «a.i 5 n 

S. Kidd, Frank: Treatment of Tuberculosis of Kdney, Practitioner , 

1927. 
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Manson states that he agrees with Hinman concerning the leaving 
of clamps on the renal pedicle. If the clamps are left on, they should 
be removed with the greatest care by loosening a notch or two at a 
time for one or ttvo days before complete removal. Too rapid or 
rough removal of a clamp may open up a vessel and start bleeding. 
Manson believes tliat the perirenal fat is frequently involved with the 
tuberculous kidne5'S, and should usually be removed also. He does not 
remove the ureter, but sutures it to the skin at the lower angle of the 
wound ; in this way the wound does not break down. 

Renal Decapsulation . — Molina ® reports several cases of mercuric 
poisoning. One case was that of a young woman who had absorbed 
2 Gm. of mercuric chloride. Various forms of medical treatment did 
not prevent the appearance of anuria. Bilateral decapsulation of the 
kidneys was performed tliirty-six hours after the onset of anuria. 
The patient gradually recovered and passed a normal amount of urine. 
She was completely cured nineteen days after surgical intei^'ention 

In comparing the surgical with the medical results, Alolina agrees 
with Fousson, Legueu and Tisserand, that in cases of toxic nephritis, 
it is absolutely necessaiy to perform an operation as soon as anuria 
sets in. The operation, which should be perfonned quickly and without 
shock to the patient, does not cause disturbance of the renal function 
later. 

[Ed. Note. — Quinby * reports a similar case in which decapsulation 
was performed for acute tubular nephritis from mercuric chloride 
poisoning. This patient was not benefited by the operation, and died 
five days after the onset.] 

Contusions . — ^Klenka ® reports three cases of wounds of the kidney. 
The first case was one of traumatic rupture of the kidney. Cure fol- 
lowed suture of the renal tear. In the second case, the upper third 
of the kidney had been torn awa5^ Hematuria did not set in until 
seven days later. In this case, it was necessary to perform nephrectomy. 
In the third case (rupture of the kidne}'-), the patient refused operation, 
for two months hematuria was intermittent and accompanied by fever. 
Nephrotomy was finally performed and a large perinephritic hematoma 
was found. The kidney was markedly congested but an outstanding 
tear was not found. lOenka believes that numerous fine lesions were 
present, but invisible macroscopically. The pressure of the hematoma 
against the kidney probably stopped the bleeding. 

3. Molina, A. C. : Decapsulation du rein pour nephrite aigue par intoxication 
mercuriellc : un cas de gnerison. J. dc chin 29:496. 1927 . 

4. Quinby, W. C: A Note on the Results of Decapsulation of the Kidney for 
Various Forms of Nephritis. J. Urol. 13:331. 1P25. 

5. Klcnka, Z. : Trois cas de plaies contuses du rein. Bratisl. Ickar. listy. 6: 
313, 1927. 
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1920, and details were obtained concerning 317. One hundred ninety- 
five of the patients (61.5 per cent) were cured; 28 (8.7 per cent) 
were not cured and 94 (29.9 per cent) died subsequent to the operation. 
One hundred and four of 125 patients operated on more than ten years 
previously were traced; 44 were dead; 58 (55.7 per cent) were cured 
and remained well. 

Judd and Scholl report 863 nephrectomies: 611 patients were 
traced ; 58 per cent were cured, and 31 per cent had died. 

Wildbolz employs injections of tuberculin in many of his cases. 
The process of cure in these cases had been more certain and more 
rapid than in those in which tuberculin was not used. He believes 
that small doses of tuberculin are efficient. Small doses stimulate 
resistance, but large doses overwhelm and break down resistance. Kidd 
employs Koch’s new tuberculin. Tuberculin should not be given until 
six weeks after an operation, and doses should be started with 0.00001 
mg. If at the end of two 3 'eam there are still traces of pus and 
bacilli in the urine, injections of tuberculin should be continued. 

Thomson-Walker “ states that renal tuberculosis is a disease of 
young adults, occurring most frequently between the ages of 20 and 
40. It is rare in children, and is often bilateral in the early stages. 
In adults, chronic renal tuberculosis is unilateral in about 80 per cent 
of cases in the early stage. 

Primary tuberculosis of the kidney rarely exists. A primary focus 
is always present elsewhere in the body, although it may not be dis- 
covered clinically. Coincident lesions were found by Braasch in 71 
15 cr cent of 346 surgical cases; they were noted by Persson in 50 per 
cent. In Thomson-Walker’s cases, tuberculous lesions were noted else- 
where in the body in 40 per cent. In order of frequency, thep 
extrarenal lesions are in the bones and joints and in the genital tract in 
the male. In Thomson-Walkcr’s cases, there were tuberculous lesions 
in the epididymis in 23 per cent, in the prostate in 15 per cent and 
in the seminal vesicles in 7 per cent. 

Miliary tuberculosis is usually an acute condition in which both 
kidneys are studded with tubercles. It is a part of general tuberculosis 
and is not of surgical interest. 

Usually the first change takes place at the apex of a pyramid. 
Ulceration spreads outward toward the base of the pyramid, and a 
cavit}'^ communicating with the calix forms. Beyond this, there is a 
zone of inflammation which may show tubercles. Outward from tiis 
zone, isolated tubercles are scattered through the renal tissue. On tie 
surface of the kidney, groups of tubercles are seen in areas correspon 
ing to the subjacent tuberculous pyramids. 

9. Thomson- Walker, Sir John : Tuberculosis of the Kidney, Brit. J* 

625, 1927. 
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The most deceptive feature of tuberculosis of the kidney is the 
absence of pain in both kidneys imtil the later stages of the disease, 
and it is difficult to realize that one of the kidneys may be destro)'ed 
by the tuberculous process. The healthy kidney ma)'^ ache at times 
because it is heavy, having increased to double its size in order to 
carry on the work of both kidneys. 

In the more acute types, the onset of symptoms is an attack of 
profuse hematuria, which may be repeated once or twice. Pyuria is 
one of the most constant signs, but in chronic cases there are periods 
in which the pus disappears from the urine entirely, owing to ureteral 
obstruction. The general condition of the patient is usually satisfactory 
for the first year or two except in aaite cases. There is no anemia or 
wasting, and there is no fever as long as the infection remains unmixed ; 
later secondary infection from colon bacilli may occur which will 
induce fever. 

In cases in which it is impossible to see the ureteral orifices, Kidd 
makes a small abdominal incision just below the umbilicus. Through 
this he inserts a gloved finger and palpates the ureters on each side 
as they cross the brim of the pelvis. If one ureter is thick and the 
other normal, and if the blood urea is within normal limits, he removes 
the kidney on the side of the thickened ureter. 

Tuberculosis of the kidney inevitably leads to death after years 
of pain and misery unless the kidney is removed by operation. Early 
diagnosis, followed by nephrectomy, results in complete cure in at 
least 60 per cent of the patients so treated. In expert hands, due to 
the precision and accuracy of urologic diagnosis and surgical pro- 
cedures, the mortality following operation should be less than 2 per 
cent. In 65 consecutive cases there were no deaths; the condition of 
38 patients was observed until they were completely cured, in a number 
of instances from ten to fourteen years after operation. These data 
indicate that between 50 and 60 per cent of the patients should obtain 
permanent cure. Healing occurred b}'^ first intention in 36 of the 65 
operations. ICidd removes not only the kidney, but tlie fatly capsule 
intact. 

Legueu and Qievassu report 70S cases in which nephrectomy was 
performed for tuberculosis. Half of the patients were complete!}' 
cured, one-fourth were improved, and one-fourtli died within ten years 
after operation. They reviewed 638 cases in which the treatment was 
nonsurgical; 356 patients (51 per cent) died, mostly within from two 
to five years; 282 were alive, 22 more than ten years after the diagnosis 
had been made. They review data on 184 cases in which tube.-culin 
was used; 51 of the patients were believed to have been cured. 

Wildbolz perfonned an operation on 445 patients for renal tuber- 
culosis; 11 (2,4 per cent) died within .six weeks of heart lesfo:;? nr 
embolism. Four hundred sixteen patients had been operated on before 
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In most cases the wound is dosed without drainage. Drains^e nay 
be necessary on account of oozing or of infection of the perinephric 
tissues. 

The operative mortality has fallen during the last twenty-five years. 
Recent statistics are satisfactory. In Thotnson-Walker’s 193 cases the 
mortality was 2.5 per cent. He was able to trace HI of 188 surviving 
patients; 67 were well and without symptoms of urinary disease at 
periods of from one to twenty-two years after the operation; 25 were 
in good general health but still had symptoms. Of 19 patients who 
died after the operation, 11 (57.8 per. cent) died during the first three 
years. 

In none of Thomson-Walker's cases was cure obtained by tuberculin. 
Frequently syn^oms were amdiorated and the general health improved 
for several years, but the tuberculous disease persisted. Tuberculosis 
of the kidney cannot be cured by exposure of the patient to sunlight; 
the temporary improvement that may take place encourages the patient 
to refuse operation or to postpone it. Heliotherapy is valuable after 
the operation; it is also useful in cases in which operation is contra- 
indicated. 

In an inquiry among the physicians of Switzerland, Wildbolz found 
that of 316 patients suffering from renal tuberculosis and on whom 
operations were not performed, 31.3 per cent died within the first two 
years, and 27.2 per cent within from three to five years. More than 
half (58 per cent) died within the first five years, and only 20 per cent 
were alive after five years. 

Fullerton recently investigated a series of 158 cases of tuberculosis 
of the bladder that had been observed for several years. There was 
definite evidence of renal involvement in 141. 

Fullerton’s most successful operations were removal of the Iddnqr 
and of as much of the ureter as could be reached through the lumbar 
wound. He did not find it necessary or desirable to dissect out the 
ureter. He believes that the removal of infected nodes surrounding the 
pedicle close to the spine is attended with risk. His present practice o 
dealing with the ureter at the point of section is to inject with a hypo- 
dermic syringe pure carbolic add into the lumen for 2.5 cm. or more, 
before ligation and division of the ureter. 

Nephrectomy was carried out in 73 of die cases; 6.8 per cent o e 
patients died as the result of operation. Fifly-five of the 68 surviving 
patients have been traced. Fifteen have died, 4 of diem after 
periods of complete relief. Forty-one patients not subjected to opera lo 
were traced; 26 (63 per cent) were dead. 

10. Fullerton, Andrew: Statistics of Post-Operative Survival in Renal Tuber- 
culosis, Brit. M. J. 2:630, 1927. 
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Tuberculous lesions of the kidney may be arrested as the result 
of one of two processes: (1) healing of the tuberculous lesions with 
disappearance of the Bacillus tuberculosis and replacement of the ulcer 
with a scar, and (2) exclusion of the tuberculous focus b)’ a ring of 
fibrous tissue. This may occur in three ways: tuberculous hydro- 
nephrosis, massive caseous tuberculosis of the kidnej*- and occlusion of 
an ulcerocavernous focus. 

The discoveiy of the bacillus of tuberculosis is the final proof of 
urinary tuberculosis. The bacillus was found in the urine in 85 per 
cent of Persson's cases, in 70 per cent of Beer’s and in 90 per cent 
of Wildbolz’. In 193 cases in which Thomson-Walker performed 
nephrectomy for renal tuberculosis, the bacillus was found in 155 
(80.3 per cent). 

The modern treatment of renal tuberculosis is nephrectomy in al! 
cases if the other kidney is healthy and there is no definite contraindi- 
cation. This treatment is based on three postulates of the surgical 
pathology of chronic renal tuberculosis: (1) tuberculosis of the kidney i.s 
a progressive disease, (2) tuberculosis of the kidney is unilateral in the 
early stage and bilateral in the late stage, and (3) removal of the 
tuberculous kidney usually prevents infection of the other kidney. 

The immediate postoperative mortality of nephrectomy in bilateral 
renal tuberculosis varies from 66 to SO per cent and the benefits gained 
in the few surviving cases have not been permanent. The procedure 
is justified only in exceptional cases. 

Various methods of dealing with the tuberculous ureter have been 
described: (1) the ureter is cut across below the kidney, the end 
seared with cautery or with pure carbolic acid and dropped back into 
the retroperitoneal space, and pure carbolic acid is injected into the 
ureter; (2) the ureter is cut across below the kidney and the end is 
sutured to the skin in the lumbar wound, or is brought up to the surface 
inside a drainage tube and fixed there; (3) the kidney and ureter arc 
removed through a lumbar iliac incision (ncphro-ureterectomy). and 
(4) the kidney is removed by the lumbar incision and the ureter cut 
across. A second small incision is made in the inguinal region through 
which the ureter is removed. 

The method that Thomson-Walker uses is to remove the ureter as 
far as the brim of the pelvis through the lumbar wound, sear it with 
the cautery or with pure carbolic acid, apply a ligature, and droj> it into 
the retroperitoneal space. The patient is reexamined in six months, 
and if there is reason to believe that the disease is .still active in th.e 
ureter and is infecting the bladder, extraperitoncal ureterectomy is 
performed through a median suprapubic incision. The c;i.'es in whicl: 
ureterectomy is advisable are those in which there is stricture rii tlte 
lower end of the ureter and dilatation of the duct. The pr>)p'»rti,»n of 
cases in which this is required does not exceed 8 per cent. 
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immediate intervention is urged. Interruption of 
stop the tuberculous process, and this procedure is 
ous in later months. 


pregnancy does not 
increasingly danger- 


Pugh unhesitatingly recommends nephrectomy in cases of renal 
tuberculosis in pregnant women. He examined the records of thirteen 
cases in which nephrectomy was performed by others. In eight cases, 
uninterrupted pregnancy and delivery at fuU term resulted. In four 
cases, abortion had to be resorted to after the nephrectomy. Tlie 
diagnosis in the remaining case was v^e. Of three patients observed 
by Pugh, two came to full term following neplirectomy. The uterus 
of the third was emptied at the fourth month, the patient dying one 
month later. Apparently pregnant women stand the operation well, and 
it is not more serious tlian when attempted in the nongravid state. 

Perirenal Hematoma . — Hiibner “ states that diaical identification of 
perirenal hematoma was first described by Ra 3 'e in 1839, and by Willis 
in 1841, and was called "apoplexia renum.” Wunderlich later enhanced 
its clinical significance. There are many conjectures regarding the 
pathogenesis. There is no single explanation that covers all ^"pes of 
cases. 

Perirenal bleeding does not always come from the kidney itself. 
Lawen describes a hemorrhage from the iliac arterjf, which reached 
from the prostate to the diaphragm and encircled the Iddney. A similar 
observation is made by Michaux following the spontaneous rupture of 
the epigastric artery. Not infrequently it is impossible to determine tlie 
source of the bleeding either by operation or necropsy; in one case, a 
massive hemorrliage vi'as found in the renal region following scarlet 
fever. True perirenal bleeding is that coming from the kidney proper 
or the renal capsule, as well as those cases with blood betu^een the 
fibrous capsule and surface of the kidney. These are more accurately 
designated as “perirenal hematomas,” while massive hemorrhages are 
designated “retroperitoneal hematomas." 

Chronic renal disorders have frequently been found associated with 
perirenal hematoma. The condition of the walls of the blood vessel and 
increased blood pressure have been thought to produce a hemorrhagic 
diathesis. Israel designates this as essential renal bleeding because of 
the absence of definite symptoms. Most authors, however, favor 
nephritis as the causative factor. 

Hiibner undertook some experimental work to determine the actual 
cause of the bleeding. He performed nephrotomy in some instances, 
and in others he clamped the renal pedicle, in periods var}dng from ten 
to thirty minutes, -tvith the idea of creating a disturbance in the renal 
circulation. In most instances, defim’te subcapsular bleeding was noted. 


14. Hubner, A.: Das Perirenale Hainatom. Experimentellar Beitraff mr 
Frage der Genese, Arch. f. Min. Chir. 145:338, 1927, 
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Statistics support the contention that, with our present knowledge, 
operation remains the most hopeful method of treatment. If performed 
early, before deep ulceration has taken place in the bladder, relief is 
often immediate. 

[Ed. Note. — ^Various reports recently have suggested the necessity 
of surgical procedures in unilateral renal tuberculosis. Joly^^ states 
that urologists are unanimous in advising early operation. Joly quotes 
Rafin as saying that 91 of 168 patients not operated on were dead, the 
majority within the first three years after the onset of symptoms. In 
all, about 90 per cent of patients with renal tuberculosis who are not 
operated on die from the disease. Even patients who sur\dve are 
rarely free from symptoms. Clinical cures are so rare that they do not 
appreciably influence the statistics. Israel states that a nonoperativc 
cure for renal tuberculosis does not exist. The infection may be well 
localized and of low virulence, or the patient may, by reason of chronicitj' 
and numerous foci of infection, have acquired a tolerance and resistance 
to the bacillus. Braasch believes that immunity develops with multi- 
plicity of lesions. In most cases, the infection destroys the kidney, 
spreads locally, extends to the bladder, and often causes disease of the 
other kidney. Nephrectomy is the operation of choice. Consen'ative 
surgical procedures are not practice in cases of tuberculous kidneys, 
and at best afford only temporary relief. 

The statistics of Kiimmell concerning the spread and extension of 
the disease noted at necropsy in cases in which operation had not been 
performed, suggest the course usually taken by the disease when allowed 
to continue without surgical interference. In a review of 40,621 
necropsies from the Eppendorfer Klinik, Kiimmell gives 119 cases of 
tuberculosis of the kidney. In 84 of the cases, the condition was bilateral 
and in 35, unilateral. In contrast to this, bilateral infection was found 
in only 5 of 100 surgical cases of renal tuberculosis. 

In the cases in which operation was not performed, there was 
evidence of other foci of tuberculosis in 99.2 per cent and in those in 
which operation was performed, 44 per cent. 

Pugh^® reviews the literature and records that in 69 per cent of 
cases in whicli exacerbation of unilateral tuberculosis occurred during 
pregnancy, abortion or nephrectomy became necessary immediately. 
Thus it would seem that pregnancy, instead of increasing the necessity 
for conserv'ative treatment of renal tuberculosis, would contraindicate it. 
As the renal process is acutel}’ exacerbated in 71.1 per cent of the cases. 

11. Joly, J. R: The Late Results of Renal Tuberculosis, Brit. J, Tuberc. 19: 
188, 1925. 

12. Kummell, H.: Ueber Niercntubcrkulose. Ztschr. f. Urol. 17:18. 1923, 

13. Pugh, W. S. : Tuberculosis of the Kidnev in Pregnanev, .Ann. Surg. 86: 
591. 1927. 
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■Nephr^otny is the procedure of choice, although inceilain neglected 
cases preliminary incision and drainage may be indicated. Molesworth 
advocates preliminary laparotomy, and cites three cases of concurrent 
peritoneal injury in support of his views ; in each of these cases, however, 
the kidney was removed and the rent in the peritoneum closed through 
an incision in the loin. In the presence of S 3 rmptoms strongly suggestive 
of intraperitoneal injury, exploratory laparotomy is indicated, but if tlie 
abdominal contents are found to be uninjured, the wound should be 
closed and the kidney removed through an incision in the loin. 

Analysis of the small series of recorded cases justifies -the statement 
that with the wider application of instrumental diagnostic means, 
exploration of the abdomen will rarely be indicated in case of rupture 
of the sac, since, if the true nature of the injury is recognized, one can 
be reasonably sure that there are no complicating intraperitoneal injuries. 

Papin states that in surgical treatment of hydronephrosis, two 
extremes should be avoided, the essentially conservative and the radical. 
Grnservatiye treatment was predominant in the earlier period of renal 
surgical procedures, and was replaced by radical treatment. Differentia- 
tion of the cases of hydronephrosis in which surgical treatment should be 
given and those in which medical treatment should be administered, can 
be determined only by pyelography. The old surgical procedures con- 
sisted of pyeloplicature and other plastic measures on the pelvis and 
ureter. 

Nephropexy serves satisfactorily if the ureter is kinked and is 
unsatisfactoiy in cases with small congenital dilatations. The resection 
of anomalous arteries, which is similar to the so-called resection of 
Albarran, brings about atrophy of the corresponding renal segment. 

Papin resected part of the renal pelvis in 6 cases ; this was followed 
hy renal drainage and nephropexy. In 2 cases he performed partial 
nephrotomy with dilatation and drainage of a large superior calix; in 
1 case, partial resection of the kidney was performed and in another case 
pyelo-ureteral anastomosis. 

Ptosis. — ^Demel reports his experience in 22 cases of nephroptosis. 
Operation was perfonned in 7 of these and there were 3 recurrences. 
In 1 of the 4 remaining cases a different pain developed, although the 
renal pain disappeared. The associated pain in 2 other definite rases 
of removable kidneys disappeared after appendectomy. The remaining 
13 patients were not operated on. Seven of these were completely 
relieved by abdominal binders and 3 were greatly rflieved by the wear- 
ing of supports. 

17. Papin; Les operations conservatrices dans les hydronephroses, Pressc med. 

2:1365; 1927. . t z 

18. Demel, Rudolf: 1st die Nephrophtose ein chirurgisches Leiden? neitr. 2 . 

Win. Chir. 139:96, 1927. 
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It was believed that this was the result of stagnation of blood in dilated 
vessels and capillaries, thereby leading to bleeding by diapedesis. A 
series of experiments was also carried out to obsei^'e the influence of 
trauma, and it was concluded that the mechanism of hematoma is due 
to trauma and to hemorrhagic diapedesis. 

Hydronephrosis . — ^Hellstrom reports two cases of hydronephrosis 
in which the pelvic dilatation was probably caused by the oblique course 
through the wall of the pelvis of the upper end of the ureter. 

Hellstrom recognizes three types of pathologic change at the uretero- 
pelvic juncture: congenital preformations, inflammator}*’ processes and 
mechanical change produced through irregular dilatations of the wall of 
the renal pelvis. In the two first types, therefore, the changes at the 
ureteropelvic juncture are the primaiy factors and the cause of hydro- 
nephrosis ; in the third type the contrary is true. A combination of these 
three possibilities may occur naturally; it may then be diflicult to 
determine which form is present. In one of Hellstrom 's cases, the 
extrarenal portion of the renal pelvis was about 9 cm. in diameter. The 
ureter, which was not dilated, arose from the lower wall of the renal 
pelvis, curved sharply upward and was fixed for about 1 cm. to the 
anterior wall of the renal pelvis ; from there it was unattached and turned 
downward in an acute angle. In the second case, the kidney was large, 
dilated and almost completely destroyed. The ureter started from the 
anterior and medial wall of the renal pelvis about 2 cm. from its lower 
pole and passed for a distance of about 1 an. obliquely through the wall 
of the pelvis from below upward. In a third case, that of a large 
hydronephrotic sac, the obstruction -vras believed to have been caused 
by spastic conditions at the ureteropelvic juncture. 

Herman,*® in reporting a case of rupture of a hydronephrotic sac 
reviews the literature carefully. The condition is rare, from twenty-five 
to thirty cases only having been reported. 

The case reported was that of a woman, aged 27, who was known 
to have pyelitis. She had been injured by a motor truck and was 
admitted to the hospital complaining of pain on the right side. 1'here was 
tenderness and rigidity over the right flank. Signs of intra-ahdominal 
injury were not present. The urine was bloody. cy.^ioscoj)ic e.xami- 
riation four days after the accident showed bleeding from the right 
kidney. A week later a pyelogram revealed rutj)ure of a hydronephrotic 
sac on the right side. Nephrectoim* was followed by recovery. < )nly 
two cases are on rdcord in which a correct preojjerativc diagno-is was 
made. 


15. Hellstrom, John: Contribution to the Knowledge of the hti-d.'Sy 
Hydronephrosis. -Acta chir. Scandinav. 62: Kw. IP’7. 

16. Herman. L.: Case of Ruptured Hydronephrosis. J. L'n>l. IS:-?®. UO. 



176 


ARCHIVES OP SURGERY 


rpentgen-ray opaque type of catheter is most satisfactory as it resists 
corrosion for a longer period than the ordinary plain catheter. He 
uses as large a catheter as possible with a large eye, cutting the meatus 
if necessary. The results are said to be better with the larger catheters. 
Pain, if it occurs from' the indwelling catheter, is controlled by narcotics. 

Corbus and Danforth," in a study of pyelitis of pregnancy, find that 
although palliative and conservative measures afforded relief there was 
evidence of trouble persisting after delivery. In such cases treatment 
should be instituted after the pregnancy ends, in order, if possible, to 
restore adequate urinary drainage. In thirteen consecutive cases in 
which pyelographic studies were carried out after the termination of 
pregnancy,, lesions were demonstrated in the urinary tract. Since lesions 
were present in the urinaiy tract after termination of pregnancy in all 
the cases studied, it seems reasonable to assume that they may have 
been present before the pregnancy began. 

Crabtree believes that there is a great deal that is not understood 
about the relationship of ureteral stricture to pyelitis of pregnancy. He 
is convinced that if stricture exists in many pregnant women with pyelo- 
nephritis, it is of only a few weeks’ duration and that the patient recovers 
spontaneously after delivery. He does not think it is present in the 
majority of ureteral and pelvic dilatations in pregnancy. The return to 
normal of such kidneys without treatment for stricture is too rapid, and 
proper drainage measures will reh’eve the distention in the absence of 
ureteral dilatation. Crabtree recognizes that such a statement only adds 
to the controversy over the “clinical” stricture. In his clinic, he demon- 
strated in postpartem pyelonephritis an area of inflammatory change in 
one case sufficient to deform the course of the ureter. Stricture subse- 
quently developed at that point. The severity of inflammatory reaction in 
the partially closed type of kidney found in the pregnant woman is 
favorable to the formation of stricture after delivery, on account of the 
scar tissue. In one case, a stricture developed within a year following 
pyelographic evidence of its absence. 

The evidence available on the subject of the formation of the stricture 
in pyelonephritis of pregnancy is extremely meager. It is rarely possible 
to learn the condition of the urinary tract either before or early in 
pregnancy. Pyelography either during pregnancy or within three 
months following delivery is unreliable, since interpretations made on 
pyelograms taken before the kidney has recovered from the distention 
present during pregnancy are misleading. Different degrees of disten- 

21. Corbus, B. C, and Danforth, W. C: Pyelitis in Pregnancy, J. Urol. 18; 
S43 1927. 

22. Crabtree, E. G.: Stricture Formation in Ureter Following Pyelonephritis 
of Pregnancy, J. Urol. 18:575, 1927. 
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Demel states that nephropex}' should not be performed: (1) in 
cases in which the anatomic factors are not definitely explained, (2) in 
cases of generalized enteroptosis, (3) in cases of painless movable 
kidney; (4) in cases of gastro-intestinal symptoms or (5) if patients are 
hysterical or neuropatliic. Usually nephropes^'' is not a satisfactory 
treatment for hydronephrosis associated with movable kidney. The 
operation should be undertaken only in cases of marked renal pain and 
distention which is caused by intennittent hj'dronephrosis or acute 
obstruction due to circulatory disturbances or kinking of the renal 
pedicle or of the ureter. 

Demel believes that the conservative nonoperative treatment should 
be attempted usually, and that in most cases it will be successful or 
partially so. 

Pyelonephritis. — Stephen,^® in discussing p 5 'elitis in children, states 
that simple bacilluria may exist without cells in the urine. It is difficult 
to recognize bacilluria without pyuria, and often there is a long course 
of illness before it is. correctly diagnosed. Bacilhis coli-communis is 
usually the cause of pyelitis; this tenn covers several species besides 
Bacillus coli-comnmnis proper, such as lactose fermenters. Bacillus 
cloacae and the Bacillus lactis-aerogcncs and the nonlactose fermenters, 
Bacillus typhosus, Bacillus proteus, Gartner’s bacillus and Morgan’s 
bacillus. 

One hundred and eleven of the 148 patients with pyelitis who were 
treated at the Royal Alexandria Hospital were females. The duration 
of pyrexia varied from eight to sixteen da 3 's. Treatment with alkalis 
for long periods was usually successful. Alternating the alkalis with 
methenamine and sodium acid phosphate has been advised, but Stephen 
obtains the best results by persisting in an uninterrupted course of 
alkalis. 

Infants, 12 months of age, frequent!}’ required and tolerate 2 Gm. 
(30 grains) of sodium bicarbonate and 2 Gm. potassium or sodium 
citrate three or four times a day. Vaccine has often proved invahiahle 
in the treatment of chronic pyelitis in children, but usually must be 
continued for several weeks. 

If there is a histon* of definite pyelitis extending over a period of 
months, the patient should be referred to a urologist for pelvic lavage. 

Pugh has studied pyelitis of pregnancy and reviews the literaiurc 
carefully. He believes that urinaiy antiseptics are of questionable value 
in this disease and says that treatment should be limited to tb.e U'=e of 
large draughts of water at frequent inten-als. He advises ihe use of :he 
indwelling catheter as the ideal form of treatment in all cases. Tb.e 


19. Stephen, E. H. M.: Pyelitw in Onldren. M. J. Austraba 2:142, 

20. Pugh, \V. S.: Pyelitis of Prcgiuincy; Its Trc.-:tn:c::t with 
Catheter, J. Urol. 18:553, 1927. 


:92r. 
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He believes, that if the patient is ill, drainage should be instituted, and 
the indweUingr^pteral catheter gives the best results. In studying a 
large series of ^elograms, he has seen dilated calices and pelves which 
have made him consider the possibility of previous pyelonephritis, but 
the history did not confirm this; on further investigation, however, he 
has found this to be the result of previous pregnancies. . 

Kretschmer does not agree with Eisendrath as to the advisability of 
routine drainage in cases of acute pyelonephritis by means of the indwell- 
ing ureteral catheter. He does not use drainage in those cases except 
in pregnancy, and then not often. 

Hooe states that he left the catheter in one side for eight days and 
in the other side fourteen days. Untoward results did not follow. • 

Pyelovenous Back-Flow . — Gile reports a comprehensive group of 
experiments which he recently carried out in the hope of determining 
the mechanism of pyelovenous back-flow. In corrosion specimens of 
the renal pelvis of cadaveric specimens, venous outbranchings were not 
obtained except when extravasation had occurred. 

The results from injections of dye were similar to those of Hinman; 
the venous system was injected regularly, the tubules were never more 
than partially injected and this rarely. Roentgen-ray observations of 
opaque solutions injected confirmed those made by Hinman. None of 
these observations, however, demonstrate how the substances reach the 
blood stream from the pelvis. Normally, there is no intrapelvic pressure. 
Under a positive pressure, there may be microscopic ruptures, filtration, 
osmosis, increased permeability of the pelvic membrane, lymphatic 
absorption or the opening up of a direct communication already present 
in the angles of the minor calices as suggested by Hinman. 

The tubules are undoubtedly partially injected, but since dye is found 
in the blood vessels and not in the tubules following injection of living 
mammatiati kidn^s, it would seem that they are not significant in the 
production of back-flow. 

The living kidney of the frog apparently presents a different mecha- 
nism, as in it the tubules were easily filled. 

The term “pyelovenous back-flow" is illustrative, if it is understood 
in a generai sense, of the passage of substances from the renal pelvis 
to the venous circulation. Probably this phenomenon does not occur by 
way of the tubules ; its exact route has not yet been demonstrated. 

24. Gile, H. H.: Observations on Injections of the Renal Pelvis, J. Urol. 
18:621, 1927. 
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tion of such pelves will give entirely different pictures. The slack 
following distention has not yet been considered. 

Pugh has found that the stricture occurs in the ureter at points 
where there can be no pressure from the fetus; it is the result of 
inflammatory changes attendant on pyelonephritis of pregnancy. It is 
noteworthy that the few strictures which have been obser\’ed in the 
pregnant women of his clinic did not cause symptoms immediately after 
delivery but months afterward. 

Eisendrath makes a plea for the more widespread use of the 
inlying ureteral catheter in the treatment of persons with pyelonephritis 
and other renal conditions. Ordinarily, in lavage of the renal pelvis, 
the ureteral catheter is withdrawn immediately. 

The inlying catheter, first recommended for the relief of obstructive 
aneuria and nontuberculous renal infections, now is used: (1) for the 
relief of aneuria of the obstructive type, (2) in the treatment of patients 
with acute and chronic pyelonephritis, (3) for relief from pain resulting 
from ureteral obstruction, (4) in cases of ureteral injury following 
pelvic operations, and (5) as a method of drainage of the kidney after 
the repair of a vesicovaginal fistula. 

Eisendrath employs small roentgen-ray ureteral catheters, as the 
coating is more durable on the opaque than it is on the nonopaque 
catheter. Only a single catheter is inserted into the ureter of the 
affected side. Irrigation of the renal pelvis is not necessary, as there 
is ample drainage through the lumen or alongside the inlying catheter. 
The time the catheters can be left in place varies. If the}' tend to be 
expelled, a small urethral catheter can be introduced into the bladder to 
avoid accumulation of urine. 

Crosbie, in discussing Eisendrath’s paper, states that he believes 
drainage should be reserved for cases of obstruction, in which the 
pelvis of the kidney cannot drain itself. A ureteral catheter cannot be 
left in long without causing a certain amount of injury to the ureter. 

Merritt states that he had found the failure to irrigate the renal 
pelvis to be the cause of catheter blockage in many cases, and for this 
reason he now uses two catheters irrigating with sterile water and then 
a solution of mercurochrome-220 soluble through one. 

Livermore maintains that stasis is the chief cause of infections of 
the kidney. Although there may be a definite focus of infection, it <loc*s 
not lodge in the kidney unless stasis is present or the dosage over- 
whelming. If there is obstruction, the kidney will unquestionably be 
infected. 

Btimpus states that another type of case which has not been men- 
tioned in the treatment with the inlying catheter is ]>yelitis of j»regr.ar.cy, 

23. Eisendrath, D. X.: Inh-inff Ureteral Catheter in Treatmer.t r»cb- 
nephritis and Other Renal Conditions, J. A. M, .A. 89:2170 (Dec. 24 < 1927. 



180 


ARCHIVES OF SURGERY 

duced experimentally in the living dog by the administration of ether. A 
further j^ssible source of this fat is suggested by the present study. 

The presence of fat embolism following death from causes other than 
trauma has been remarked by several observers. Scriba® found fat 
embolism present in 52 per cent of all bodies. In addition, many specific 
diseases have been found to be associated with fat embolism. To. put 
these on record in juxtaposition to our present results, we quote the 
following paragraph from our previous report;® 

Carrara * reports fat embolism present at necropsy in 22 per cent of deaths 
from cardiovascular-renal disease and in 44 per cent of bums. Catsaras* 
found fat emboli in the lungs in eighteen of sixty-seven cases of postinfluenzal 
pneumonia. GrdndahM reports fat embolism in two cases of eclampsia, four 
cases of diabetes, and two cases of phosphorus poisoning; Winkler* in two 
cases of acidosis, and Winogradow* as occurring regularly in potassium 
chlorate poisoning. In addition to these repeated findings there have been 
authentic reports of fat embolism having occurred, without history of trauma, 
in one or more cases. of each of the following conditions: carbon monoxide 
poisoning,* profound sepsis,* chronic alcoholism,* chloroform narcosis,* diabetic 
retinitis,* phlegmonous gastritis,* acute pancreatitis,* chronic tuberculosis,* 
menstrual suppression, hepatitis, splenitis, carcinomatosis and sarcomatosis.* 
(The last five conditions are cited from the literature by Warthin.) 

On account of the generally accepted observation that if fat embolism 
occurs, it will be seen in the lung (because of the slower blood current 
and unsupported capillary walls), our observations were liniited to lung 
tissue. This limitation gave us also a simpler standard for comparison. 
We have examined the available lung tissue in fifty unselected cases that 
were subjected to autopsy by the department of pathology of Washington 
University. These cases were not numerically consecutive, but they were 
consecutive with the necessar}' proviso that lung tissue had been pre- 
served and filed. They were known to us by serial number until the 
tissue had been sectioned, stained and diagnosed for fat embolism. Sudan 
IlTwas uniformly used for staining. After our diagnoses were recorded, 
we referred to the files of the pathologic department for postmortem 
diagnoses. We thereby prevented any preconceived ideas from influ- 
encing the result. 

It is to be noted that the material available consisted of only one piece 
of tissue in most cases. In those instances in which disease of the lung 
was present, the specimen usually included the diseased portion of the 

2. Scriba: Deutsche Ztschr. f. Chir. 22:118, 1879. 

3. Carrara : Freidreich's Bl. f. gerichtl. Med., 1898, vol. 49. 

4. Catsaras, J. : Presse med. 26:618 (Sept. 4) 1920. 

5. Grondahl: Deutsche Ztschr. f. Chir. 111:56, 1911. 

6. Winkler: Ztschr. f. orthop. Chir. 4S:616, 1924. 

7. Winogradow: Virchows Arch. f. path. Anat. 190:92, 1907. 

8. Bautin, C. F.: Diabetic Lipemia Retinalis and Fat Embohsm, J- 
M. A. 86:546 (Feb. 20) 1926. 

9. Warthin: Internat. Clin. 4:171, 1913. 






Table 1.— Degree of Embolistn in Fifty Unselected Cases 


yo FAT EMBOLISM 
No Fat 

2901 Frematnrity 

2909 Acute purulent mastofdltlE; banorrhage into 
brain 

2918 Aatbma, broncbial; broncbitia, aeute and cbronlc 

ffllo Congenital atresia, common hepatic duct ' 

2952 Enterocolitis, acute; bronchopneumonia 

2988 Tumor ot cerebellum 

2981 Congenital heart disease 

2986 Coronary thrombosis; rupture of heart 

3006 General purulent peritonitis following perfora- 
tion of gastric ulcer 

3008 Carcinoma of bead of pancreas, metastasis to 

liver 

8315 Miliary tuberculosis (general) 8 weeks, post- 
partum 

Leukocytic Fat Only 

2919 Aeute bacterial endocarditis, four transfusions 

Fat in Alveolar Exudate Only 
2917 Pulmonary tubeiculosls; tuberculous pneumonia 
FAT EMBOLISM 
Slight 

2905 Lobar pneumonia; chronic tuberculosis 

2010 Acute l^phatlc leukemia 

2916 Excision of cecum; acute suppurative poitonltis 
2923 Endocarditis, Cbronlc and acute; pulmonary 

tbrombosls 

2925 Glioma of brain 

2931 Glioma of brain; hemorrhage, postoperative... 
2936 Cholecystitis and cholelithiasis; general peri- 
tonitis; abscesses of liver 

2088 Acute purulent otitis media and mastoiditis, 

bilateral 

2911 Endocarditis, Cbronlc 

2916 Acute lobar pneumonia 

2^ Cardnoma of stomach, with metastases 

2951 Hypertrophy and dilatation of heart; endo- 
carditis, chronic 

2^ Abscess of lung; pyemia 

2958 Adenoma of thyroid: auricular thrombus 

2962 Polycystic kidney, bilateral. 

2901 Cellulitis of thigh, with abscess; broncbopneu- 

mouia 

29K Aneurysm of arch of aorta (wiring operation) 

2989 Lobar pneumonia; empyema, thoracic 

2991 Status lymphatlcus; old operative scar for 

nephrostomy 

3010 Chronic myelogenous leukemia; brondiopneu- 

monia 

3011 Toxemia of pregnancy; incision, peritonsillar 

abscess 

8029 Syphilis, congenital 

Moderate 

2SS3 Carcinoma of cervix; acute pelvic peritonitis... 

2E93 Carcinoma of kidney; pyonephrosis 

2911 Toxemia of pregnancy; retained placenta 

2930 Abscess, subdlaphragmatlc; cholecystectomy — 
2957 Mastoiditis, acute, bilateral; paracentesis tym- 

pani 

2981 Fracture, ribs, multiple; emphysema, subcuta- 
neous 

2975 Arterial sclerosis, involving coronary artery — 
2996 Hypertrophy of prostate; pyelonephritis; peri- 
carditis, adhesive 

3005 Chronic ulcerative colitis with polyposis; acute 

purulent peritonitis; ileostomy 

3017 Aneurysm of abdominal aorta with rupture; 
syphilis 


Marked 

2938 Subperiosteal abscess, femur; suppurative 

arthritis, hip; pyemia 

2933 Adenocarcinoma, colon, with metastases; spon- 
taneous fistula 

2030 .Arthritis, knee, suppurative; thrombosis of cor- 
onary artery; incision and drainage, knee Joint 

Embolism in Single Area of Section 

2.000 Lymphatic leukemia 

2921 Glioma of pons; bronchopneumonia 


Age 

Operation 

Trauma 

Premature 

0 

0 

lOwks. 

0 

0 

60 

0 

0 

6wks. 

0 

0 

4)6 mos. 

0 

0 

29 

( 7 mos. ago 
(21 hrs. ago 

0 

Omos. 

0 

0 

59 

0 

0 

19 

5 days ago 

0 

53 

0 

0 

23 

0 

3 wks. (labor) 

28 

0 

0 

21 

0 

0 


32 

0 

0 

2 

0 

0 

6 

Becent 

0 

U 

0 

0 

30 

Becent 

0 

5 

Becent 

0 

50 

6 days ago 

0 

2 mos. 

0 

0 

89 

0 

0 

43 

0 

0 

43 

0 

0 

40 

0 

0 

t 

0 

0 

59 

0 

0 

42 

Becent 

0 

46 

S days ago 

0 

51 

1 year ago 

0 

83 

0 

0 

1)6 

Old 

0 

26 

0 

0 

80 

Becent 

0 

4 mos. 

0 

0 

IS 

0 

0 

32 

SI 

0 V 

Q Becent (lobor) 

SO 

Becent 

0 

13 days 

Becent (see col. 2) 

0 

86 

0 

Becent 

38 

0 

0 

49 

0 

0 

34 

Becent 

0 

62 

0 

0 

7 

0 

0 

37 

8 days ago 

0 

63 

Day of death 

0 

52 

35 

0 

Becent 

0 

0 
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organ. It is possible that this fact influenced the results; however, as 
intracapillary fat was sought, the presence of disease, such as pneumonia 
or tuberculosis, should tend rather to diminish the fat found through 
inflammatory occlusion of capillaries. If fat was found in the vessels of 
a small segment of one lung in nondiseased areas, the conclusion that it 
occurred elsewhere in the lungs is highly probable. 

Intracapillary globules of fat, except as discussed later in relation to 
fat found in the pliagocytes, were diagnosed as fat embolism. Most of 
these were large enough actually to plug capillaries. The nujnber of 
these was estimated, and the degree of embolism classified as shown in 
table 1. “Slight” fat embolism (table 1) was diagnosed when consider- 
able search through a section was necessary before fat was found. 
"Moderate” fat embolism (table 1) signifies that the fat was easily 
found, but not in the majoritj' of microscopic fields. “Marked” fat 
embolism (table 1) means that fat was found in the majority of fields. 
In two cases, the embolism found was limited to one area of the .section. 
These two cases were given a separate classification (table 1) on the 
chance that this distribution might invalidate tlie diagnosis. I'or the 
reasons to follow, however, it is permissible to assume other areas cl.-^e- 
where in one or both lungs. 

As we have observed in our e.xi)eriments on injection of fat ami 
in these present specimens, even marked grades of emboli.‘«m are patchy 
in distribution. This is shown by areas of intense distribtuion of fat 
next to areas free from fat. For this reason, the demon.stralion of a few 
definite fat emboli (as listed in table 1 ) must be considerctl jK'.^itive 
instances of fat embolism. 

We did not find fat tissue in the peribronchial zone in the human 
material studied as we did in the dog. This may be because a block of 
tissue in the former does not reach the major bronchial ramifications a-^ 
a block of the same size does in the latter. 

Pliagocytes containing fat were rather less regularly obsened in the 
human being than in the dog. This probably can be ascribed to the f;» t 
that death in the human being is frequently preceded by starvation a^ 
it is not in the experimental animal. M'e were careful, bowe\ er, to assure 
ourselves that no fat diagnosed as emboli was in the bodies of phago- 
cytes. Occasionally, we found collections of fat-containing leuko\-yu- 
and in the same zone much intracapillary fat (fig. 1 ). In one iiistanc*-. 


this was entirely in the form of minute droplet.s of the s.-mif >i7e 
those in the cells. This was reported a.*? .showing only leukowtic 
(table 1). In other instances, in addition to .such .•jniali dritplets. 
latger by several diameters than any found in the cells were pre-. 


a- 

t 

• ««k 

f 

ie- 



These droplets were reported as emboli. 


It .seems pns'.ihle th.at a 


of free fat in the blood .stream mav be the de.struction oi lai-vinaviu ^ 


Icukocvtcs as well as the breaking down of the phy-^iobgic etnnh 


10. Lehman, E. P.. and McXattin. R. F.: Ti> he mdili-'ht »!. 
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The results of this study confirm earlier conclusions that fat embolism 
is an extremely common postmortem observation in all kinds of condi- 
tions, traumatic and nontraumatic. If the proportion found in this series 
of fifty cases should hold true through a larger experience, more than 

Table 2. — Proportionate Division of Fat Embolism in Fifty 
Unselected Lungs 


Percent 

IS 26 

87 1i 

22 44% 

10 20 % 

3 0 % 


SO 


No embolism.. 

Embolism 

Sligbt. 

Moderate.. 

Marked 

Single area. 

Total. 


Table 3. — Relationship of Trauma to Occurrence of Fat Embolism in 
Fifty Unselected Lungs 


No Pat Embolism 

Traumatic. 

Nontraumatic. 


Pat Embolism 

Slight 

Traumatic. 

Nontraumatic 

Moderate 

Traumatic. 

Nontraumatic 

Marked 

naumatic. 

Nontraumatic 

Single areas 

Traumatic. 

Nontraumatic 


Summary 

Traumatic... 

Nontraumatic 


Percent 
8 23 

10 77 

IS 


0 41 

IS 60 

'6 so 

6 SO 

2 66.6 

1 83.3 

1 50 

1 so 


17 40 

20 64 

87 


Table 4. — Occurrence of Fat Embolism in Traumatic and Nontraumatic 


Cases in Fifty Unselected Lungs 



20 

Percent 


8 

15 


17 

55 


80 



10 

33A 

60.0 

Embolism 

20 


half of all fat embolism is not associated with trauma. The variety of 
diagnoses in nontraumatic cases in which we have found fat embolism 
is great. Certainly no one influence can be detected. Although, in our 
tables, the assumption is made that trauma is the determining cause o 
fat embolism in those cases in which it occurs in the history, the frequent 
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llic plasma in nontnuimatfc cases. Tin's is borne out by the fact that, 
with the one cxceplion noted, whenever lenl<oc 3 ’tcs were filled with fat, 
embolism also occnrrcfl. 

The statistical analysis of the results of this study is reported in 
tables 2. .3 and 4. Of course, in such a small scries, no emphasis can 
be pul on the actual iJerccnlagc estimations as indicating definite rates 
of incidence. 'J'hcy serve, however, to make certain conclusions tenable. 
'Phe striking facts obtained from this analysis are as follows: 1. 
Definite fat embolism occurs in more than half of all lungs examined at 



Fig. 1. — Fat emboli and fat-filled phagocytes; showing the difference in size 
between globules of free fat diagnosed as emboli and the much more minute 
particles in the ceils (autopsy no. 2935) ; X ^86. 


autopsy (table 2). 2. About one half of the lungs in which fat embolism 
occurs are from patients in whom there has been no history of 
trauma (table 3). 3. In a small proportion of cases in which definite 
trauma is recorded, no emboli could be found in a single examination of 
one lung (table 3). 4. Fat embolism is found in an overwhelming pro- 
portion of lungs from patients subjected to injury or operation (table 4). 
5. Fat embolism occurs in more than half of the miscellaneous fatal 
diseases without history of trauma (table 4). 





Fig. 4. — Fat emboli in a case of toxemia of pregnancy with retained 
placenta (autopsy no. 2914) ; X 986. 



Fig. 5. — Fat emboli in case of suppurative arthritis of hip with sub- 
periosteal abscess of femur in which operation was not performed (autops» 
no. 2933). Low power magnification was used to show large number of embolt. 














Fir. 2. — From a case of ttilicrciilous pneumonia; showing free fat and fat- 
fillcd celLs in (he alveolar exudate and no fat in the alveolar walls (autopsy 
no. 2947). This illustrates a passible fallacy in Warthin’s sign; X 490. 



Fig. 3. — Fat emboli following multiple fractures of the rib (autopsy no. 
2961). Here a globule of fat appears to be partially extruded into the 
adjacent alveolus, illustrating the mechanism of the appearance of fat in the 
sputum (Warthin’s sign of fat embolism) ; X 490. 






Fig. 7. — Slight degree of fat embolism (autopsy no. 2905). Postmortem 
diagnosis was lobar pneumonia and chronic tuberculosis. Three emboli were 
found in a single field; X 1^> 



Fig. 8. — Several fat emboli in a case of carcinoma of the kidney an 
pyonephrosis (autopsy no. 2895); X 198. Precipitated cn'stals of Sudan 
arc seen in this and other photomicrographs. 
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occurrence of fat emholisin in nonlrauinatic fatal disease makes such an 
assumption not necessarily true. In other words, in some of the cases 
reported as due to trauma, other factors may conceivably have been the 
true cause. 

W'hat these factors are is a pressing problem. As reported earlier, 
there is certain cN])crimental evidence that they may consist in i^hysical 
and chemical changes in the blood, converting the physiologic emulsion 
of the ])lasma into free fat. This has been accomplished in the dog by the 
administration of ether. In studies of artificial emulsions in the test tube. 



Fig. 6. — Fat emboli in case of suppurative arthritis of knee with coronary 
thrombosis. This patient was subjected to incision and drainage of the knee 
joint on the day of death (autopsy no. 2960) ; X 490. 


there is suggestive evidence that the laroducts of protein decomposition 
may possibly be blamed. Further studies along these lines have so far 
not been successful in confirming this suggestion. 

When one considers these facts together with the experiments already 
referred to, one is forced to the conclusion that the presence of fat 
embolism in the lung after trauma does not justify the conclusion that 
such fat has been caused by the trauma or that it has caused death. 
Unquestionably there are cases of multiple fractures showing immediate 
symptoms, early death and blood at postmortem loaded with fat. 










ARTERIOVENOUS ANEURYSM OF THE BRAIN * 
WALTER E. DANDY, M.D. 

BALTIMORE 

The intracranial arteriovenous aneurysms here described are not 
peculiar to the brain. With the exception of differences of detail due to 
environment, they are essentially the same as arteriovenous aneurysms 
situated elsewhere in the vascular system. 

The discovery of an arteriovenous aneurysm is always credited to 
William Hunter.^ Enthusiastic phlebotomists of that period prepared 
two perfect examples of arteriovenous aneurysm for Hunter, which he 
was quick to recognize. His description of the signs and symptoms left 
little to be added, even at the present time. At the point of the com- 
munication between the artery and the vein, he recognized a loud hissing 
murmur and a strong tremulous thrill ; large tortuous venous sacs were 
seen to pulsate; the brachial artery was greatly enlarged and serpentine 
cephalad to the arteriovenous fistula, but distal to it, the artery became 
smaller than on the other side. He was able to reduce the size of the 
veins, stop their pulsation and eliminate both the murmur and the thrill 
by pressing on a localized spot, which he recognized to be the opening 
between the artery and the vein. It was Hunter who first suggested the 
term “anastomosis” to denote the union of the two vessels. 

To arteriovenous aneurysms of traumatic origin have since been 
added a great group with precisely the same clinical features, but in 
which the characteristic vascular changes have been present since birth. 
Virchow * referred to cases of Krause (Wm.) and Breschet as demon- 
strating beyond doubt the congenital origin of such cases. He also 
mentioned a case which Tangier watched during the patient’s life and in 
which he performed dissection after the patient’s death ; a free communi- 
cation was found between the posterior auricular artery and a nearby 
vein. There are now many cases in which dissections of these aneurysms 
at operation or necropsy have demonstrated communication between a 
large artery and a contiguous vein by one or more aberrant vessels which 
could have arisen only as errors of vascular development in the embryo. 
In recent years, remarkable examples of these anomalous congenital 
communications in the neck and extremities, as disclosed at operation, 
have been reported by Halsted,® Rienhoff ■* and Reid.® 

♦From The Johns Hopkins Hospital and University. 

1. Hunter, W., cited by Callender: Bull. Johns Hopkins Rep. 19:260, 1920. 

2. Virchow: Die Krankhaften Gesdnvulste, Berlin, 1863, vol. 3. 

3. Halsted, W. S. : Congenital Arteriovenous and Lymphaticovcnous Fistulae, 

Tr. Am. Surg. -^ss., 1919. „ i u 

.1. Rienhoff, Jr.. \V. F.: Congenital Arteriovenous Fistula, BuH. JoMs 

Hopkins Hosp. 35:2/1, 1924. . 

5. Reid, M. R.: The Effect of Arteriovenous Fistula upon the Heart ana 

Bloodvessels, Bull. Johns Hopkins Hosp. 31:43, 1920. 
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in which so far as we know at present, it must be con- 
sidered that the i^atients died of fat embolism. On the other hand, 
in any case of trauma with dela 3 ’ed s}rmptoms, no matter how rich the 
blood in free fat, one must question the direct relationship of the trauma 
to the fat embolism and the ralationship of the fat embolism to the symp- 
toms. It is at least conceivable that the influences causing symptoms 
and death are also the influences causing freeing of fat in the blood 
stream. 

There is one interesting note to be added. In a case of tuberculous 
pneumonia observed.at autopsy (table 1, no. 2947), a large amount of 
fat was found in the alveolar exudate and none in the blood vessels 
(fig. 2). It is. of course, common to observe fat in the alveoli when fat 
embolism is present (fig. 3). On this basis, Warthin’s sign of fat 
embolism was devised, namely the presence of fat in the sputum. The 
present observation demonstrates that fat can occur in the air spaces of 
the lung without embolism ; in other words, Warthin’s sign may not be 
as clearcut as is generally thought. 
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and eliminating not only capillaries but even the great venous and arterial 
trunks of the early embryo. It is evident that the retention of the 
original vascular connections between arteries and veins Avill readily 
explain the origin of the adult arteriovenous aneurysms. Dr. Halsted 
had in mind the arteriovenous aneurysm with aberrant congenital con- 
necting channels. But it would seem that the maldevelopment of the 
original vascular bed would similarly explain the nests of abnormal 
vessels which are interposed between the arteries and veins and which 
replace the normal capillary bed. 

Arteriovenous fistulas of traumatic origin are practically impossible 
in the brain, because the principal arteries and veins are not in juxtaposi- 
tion as are the vessels of the head, neck and extremities. Arteriovenous 
aneurysms between the internal carotid artery and the cavernous sinus 
are exceedingly common, but as they are really outside the cranial cham- 
bers, and as they are in point of origin rather laws unto themselves, they 
need not be considered here. They are dependent on an anatomic 
arrangement which is not duplicated anywhere in the body. As the 
internal carotid arteries traverse the cavernous sinus in their passage 
through the base of the skull, a traumatic rupture of one of the arteries 
by a fracture of the base of the skuU must inevitably result in an arterio- 
venous fistula, unless or until the arterial opening is repaired. The 
nomenclature of lesions which should really be included under arterio- 
venous aneurysms is most confusing. Being so dependent on the per- 
sonal equation for the interpretation, they are reported under many titles, 
i.e., angioma cavernosum, varix aneurysmaticus, angioma arteriale 
racemosum, angioma plexiforme, aneurysma cirsoidea, aneurysma serpen- 
tina, aneurysma anastomotica, arteriovenous aneurysm, tumor cirsoidius, 
and particularly by the Germans as Rankenangiom — a term first applied 
by Virchow. Rienhoff * suggested a simple and sensible revision of the 
nomenclature of all vascular dilatation and communications into (1) 
venous, (2) arterial and (3) arteriovenous aneurysms, thereby discard- 
ing the term hemangioma at least for major lesions. This classification 
meets my full approval. In the group of arteriovenous aneurysms, the 
various terms “cavernous,” “racemose,” “cirsoid” and “serpentine, 
whether applied to arteries or veins, are merely descriptive of a super- 
ficial expression of a lesion and not of the fundamental pathologic 
process. A long as the term hemangioma is emplo 3 'ed when an arterio- 
venous connection exists, there must always be uncertainty as to whether 
the tumor is arterial or venous. As a matter of fact, they may be either 
or both, but regardless of these superficial differences there is a direct 
communication through the vascular abnormality which has replaced the 
normal capillary bed. Moreover, the outward expression of an arterio- 
venous aneur 3 -sm, i.e., the arterial tortuosit}' and dilatation and the 
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Finally, there is a third group of cases in which an arteriovenous 
coniinunication is established through the medium of a mass of abnormal 
vessels which take the place of the usual capillary bed, erroneously known 
as angiomas because of the impression that the}' are new growths; the 
true character of these lesions has long been obscured. The component 
vessels may be atypically arterial or venous, or both may be combined. 
X'irchow discussed these tumors at length, and with some hesitation 
classified them under the heading “angioma racemosum arteriale.” The 
following excerpt from his “Krankhaften Geschwiilste” shows his grasp 
of the real underlying pathologic process : 

Finally there remains that form of angioma, in which the vascular enlargement 
is outspoken and in which the character of the tumor is more in the background. 
Many of these forms arc not to be understood in the light of oncology. They are 
often classified with angiomata and one cannot make a true line of demarcation 
between them and angiomata. Their difference lies principally in the fact that 
the process is diffuse, and that dilatation of both arteries and veins is present. 
These tumors have recently been called by John Bell aneurysma per anastomosin, 
and 1)3' Walker perhaps better, anetir^’sma anastomoseon. 

Another group of vascular tumors so well known, even at-the present 
time, as angioma cavernosum, were included by Bell under his aneurysms 
per anastomosin. Virchow referred to Dupiy'-tren’s experiments to 
prove that in these tumors injections of colored substance passed freely 
from the artery' into the veins through the intermediary tumor. Virchow, 
though not conceding the arteriovenous communication, noted the fact 
that in some cases of cavernous angiomas (venous tumors) the artery is 
dilated and tortuous just as in true arteriovenous aneurysms. 

It Avas Virchow’s view that these arteriovenous aneurysms (or 
angiomas) Avere not neAv gfroAvths in the usual sense, but Avere of con- 
genital derivation. Subsequent embryologic and pathologic researches 
demonstrated that no other explanation is tenable. 

Professor Halsted,® whose interest in this subject extended over a 
period of seA'eral years, and who stimulated the splendid researches and 
publications of Callender,® Reid,® Holman ^ and Rienhoff,* approached 
the origin of arteriovenous aneurysms from the vascular anlage in the 
early embryo. It is known that the adult system of arteries and veins 
is derived from a general capillary netAvork ; that both arteries and veins 
form from this capillary network; that the final arterial and venous 
systems are derived by extensive evolution of a vastly different primitive 
system. This metamorphosis is accomplished by shifting, consolidating 

6. Callender, C. L.: Study of Arteriovenous Fistula Avith an Analysis of 
Four Hundred and Forty-Seven Cases, Johns Hopkins Hosp. Rep. 19:260, 1920. 

7. Holman, E. F.: Physiology of an ArterioA'enous Fistula, Arch. Surg. 7:64 
(July) 1923. 
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been included, though the status of both is doubtful because the descrip- 
tion of the venous outlets is inadequate. Several cases heretofore classi- 
fied as cases of angioma, and usually assumed to be similar to those 
collected here, have been excluded. Among them are the cases of 
Oppenheim,^^ Sweasey-Powers,^® Lewandowsky and Selberg,^® Cassirer 
and Miihssm,®® Uyematsu,®^ Creite, Abrikosoff,®® Lechner,®* Verse,®* 
Rossolimo ®® and Bruns. It has also not been possible to include the 
cases of Isenschmid,®® because neither observations made at operation 
nor those made at autopsy establish the clinical diagnosis. In one of his 
cases at least, the diagnosis is almost surely correct for, in addition to a 
well defined extracranial arteriovenous aneurysm, Jacksonian epileptic 
attacks were of long standing. The symptoms that I have considered 
essential for the diagnosis of an arteriovenous aneurysm have been, first 
and foremost, marked fulness and enlargement of the veins of exit; 
second, an increased size and tortuosity of the artery entering tlie snarled 
mass of vessels. Without the enlarged veins on the cort« or elsewhere 
one cannot assume the existence of an arteriovenous fistula. 

The seeming infrequency of this lesion cannot be judged by the small 
number of cases assembled from the literature. Were this true, the 
lesion would be rare indeed. The eight cases which- occurred at the Johns 
Hopkins Hospital among about 600 cases of verified tumors of the brain 
during a period of five years, are perhaps a better index of its relative 
frequency. In clinics on which neurologic material is concentrated, 
arteriovenous aneurysms apparently occur in from about 0.5 to 1 per 

17. Oppenheim, H, ; Die Geschwiilste und die syphilitischen Erkrankungen 
des Gehirns, in Nothnagel’s Practice, vol. 9, p. 20. 

18. Sweasey-Powers, W. J. : Ein Fall von Angpoma cavernosum des Gehirns, 
Ztschr. f. ges. Neurol, u. Psychiat. 16:487, 1913. 

19. Lewandowsky, M., and Selberg, F.: Ueber Jacksonsche Krampfc mit 
tonischem Beginn und fiber ein kleines Angiocavernom des Gehirns, Ztschr. f. d. 
ges. Neurol. & Psychiat. 19:336, 1913. 

20. Cassirer and Mfihsam: Berl. klin. Wchnschr. 17:755, 1911. 

21. Uyematsu, S. : A Case of Haemangioma Cavernosum of the Cerebrum, 
J. Nerv. & Ment. Dis. 52:388, 1920. 

22. Abrikosoflf, A. S. : Ein Fall von Angiona arteriale racemosune der Arterial 
basilons und der beiden arterial communicans posterior, Zentralbl. f. allg. Pathol. 
22:210, 1911. 

23. Lechner, Ellen: Ein Beitrag zur Kasuistik der Hirnangiome, Beitr. r.. 
klin. Chir. 125:174, 1922. 

24. Verse: Demonstration eines in die Substanz des Kleinhirns eingebettetcn 
.•\neurysma serpentinum et sacciforme der Arteriae Cerebri posterior Sinistra, 
Mfinchen. med. Wchnschr. 58:544, 1911. 

25. Rossolimo, G. S. : Zum Ausgang von Gehirnoperationen, Deutsche Ztschr. 
f. Xeni’enh., vol. 6; Neurol. Zentralbl. 15:714, 1896. 

26. Isenschmid, R. : Die klinische Symptome des cerebralen Rankenangioms, 
Mfinchen. med. Wchnschr. 59:243, 1912. 
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engorgement of the veins leaving the tumor, are doubtless identical 
whether the communicating channels are exclusively arterial or venous or 
predominantly one or the other. 

In attempting to gather the cases of arteriovenous aneurysms of the 
brain, the records of venous aneurysms and the various subdivisions of 
angiomas have been reviewed, and most of them have been collected from 
these groups. For example, there is no more perfect example of an 
arteriovenous anemwsm than the one pictured in Krause’s colored plate,® 
but which he calls a venous angioma. On the other hand, cases reported 
as Rankenangioma and cirsoid aneurysma, and therefore presumably 
arteriovenous aneurysms, have been excluded from this group because 
the absence of changes in the arteries and veins leading to and from the 
tumor has suggested a pure venous lesion. Other cases reported as 
venous, which undoubtedly seem to be arteriovenous, are those of 
Ashvazaturoff,® Steinheil,^® Durck, Kalischer,^^ Miihsam,^® Eiselberg,^® 
Campbell and Ballance “ and others. Doubtless the teaching of Oppen- 
heim and Krause was in large part responsible for the interpretation of 
these vascular lesions as venous. 

FREQUE.VCV OF ARTERIOVENOUS ANEURYSMS OF THE BRAIN 

The first arteriovenous aneurysm of the brain was reported by 
Steinheil in 1895, or 138 years after William Hunter’s ^ first reported 
arteriovenous aneurysms in the arm. 

A total of twenty-two cases which seemed to represent this type of 
intracranial aneurysm have been collected from the available records. 
Two additional cases of Struppler and Simmonds (second case) have 

8. Krause, F.: Chirurgie des Gehims und Ruckenmarks, vol. 1, p. 88, 1908, 
English trans., New York, Rebman Gimpany. 

9. Astn'azaturofF, M.: Ueber die kavernose Blutgeschwulst des Gehirns 
(zur Kasuistik der Pscudomeningitis), Frankfurt. Ztschr. f. Path., 1911, vol. 4. 

10. Steinheil, S. O. : Ueber einen Fall von Varix aneurysmaticus im Bereit der 
Gehirngefoesse, Inaug. Diss., Wurzburg, 1895. 

11. Kalischer, S. : Demonstration des Gehirns eines Kindes mit Teleangiek- 
tasien der linksseitigen Gesichtskopfhaut und Hirnoberflache, Berl. klin. Wchn- 
schr. 34:1059, 1897. 

12. Miihsam, R. : Ueber Varicen und Angiome des Zentralnervensystems, 
Arch. f. klin. Chir. 130:522, 1924. 

13. V. Eiselsberg, A. F., and Ranzi, E. : Ueber die chirurgische Behandlung 
der Him- und Ruckenmarkstumoren. Ligatur von Angiomen, Arch. f. klin. 
Chir. 102:341, 1913. 

14. Campbell, H., and Ballance, C.: Case of Venous Angioma of Cerebral 
Cortex, Lancet 1:10, 1922. 

15. Struppler : Ueber das Caveniosc Angioma des Grosshirns, Munchen. med. 
Wchnschr. 37:1269, 1900. 

16. Simmonds, M. : Ueber das Angioma racemosum serpentinum des Gehirns, 
Virchows Arch. f. path. Anat. 180:280, 1905. 
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and had complained of some stiffness in this arm. The attacks usually occurred in 
the early morning. He has had some trouble with his memory; he said that 
he often forgot most important things. 

'• Examination.— A tenderness to deep pressure was revealed over the right 
parietal region. The patient said that there was a localized sore spot in this region 
(not over the tumor as later discovered). The neurologic examination did not 
reveal anything. The eyegrounds were normal. The roentgenogram of the head 
was negative. The Wassermann reaction of the blood was negative. 



Fig. 2 (case 1). — ^An anomalous branch connecting the middle cerebral artery 
with the angiomatous mass. The transition from the artery to the vein is shown 
in the net work. ■ 


While he was in the hospital, an attack was observed by the nurse, but foca 
signs either than turning the head to the left were not seen. Urine was ost. 
Motor weakness did not follow the attack. 

The injection of air into the cerebral ventricles showed dislocation 
tricular system to the left side. The third ventricle was also bent oblique j o 
the left. The anterior horn of the right ventricle was smaller than the left, 
diagnosis of right frontal tumor was made. 

Operation . — Right craniotomy was performed. A group of 
engorged and tortuous veins covered the anterior half of the right tempora o 
and to a much lesser extent the frontal lobe. They emptied into a huge sj 
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cent of the cases. It is clear that more cases will be disclosed at opera- 
tion than at necropsy, because the symptoms (usually epilepsy) are not 
such as to require prolonged hospitalization. Most of the necropsies 
were obtained on patients who were brought to the hospital in coma 
resulting from cerebral hemorrhage. This number obviously represents 
but a small proijortion of the afflicted persons. 

CASES OF intracranial ARTERIOVENOUS ANEURYSM 

Case l.—Hisfory.—A well nourished, well built, muscular man, aged 52, an 
army officer, was suddenly and without warning seized with a severe clonic con- 



Fig. 1 (case 1). — ^Arteriovenous aneurysm showing a large sylvian vein empty- 
ing into the large anomalous vein crossing the temporal and frontal lobes. There 
is a distinct enlargement at the point of junction of these two veins; the rolandic 
vein is easily defined. 

vulsion lasting about fifteen minutes. This attack occurred six years prior to 
examination, just after his return from France, where he actively participated in 
the World War. He had never had any kind of an attack before. For the next 
three years similar attacks occurred about once every two months; then for two 
years there was no attack, but for the past year they have appeared about every 
month. Recently, there have been petit mal attacks with loss of consciousness for 
from forty to sixty seconds, but no muscular contractions. One week ago he had 
a violent generalized headache ; following this, a pain persisted in the right frontal 
region. His head turned to the left during the convulsions, but there was no other 
focal sign. At times he had had a' dull aching pain in the fingers of the left hand 






Fig. 3. — The direct communication between the artery and vein by mean.s of an 
anomalous vessel. 
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was almost as large as the middle cerebral artery at this point. The arterial 
portion of the vessel was well isolated, surrounded by two silk sutures and 
ligated. The venous tumor immediately collapsed. We did not see any suggestion 
of a central tumor mass such as was present in other cases of the series from 
which the veins emerged.' It was our impression that the condition was a pure 
arteriovenous fistula, produced by an anomalous vessel passing directly fium the 
middle cerebral artery into a large venous trunk, which ultimately reached the 
sylvian vein. The great veins could be seen to connect with the sylvian vein. 

P ostoperative Course. — ^When the patient was coming out from under the effects 
of the ether, he complained of severe headache and weakness of the contralateral 
part of the arm and the leg. During the ensuing twenty-four hours, this side 
slowly became completely paralyzed, and his pulse rate steadily dropped to 60. 
Since the patient was somewhat drowsy, we suspected an extradural hemorrhage, 
but elevation of the bone flap did not show any collection of blood. The paralysis 
puzzled us, for our manipulations were entirely under the frontal lobe, too far 
afield from the motor tract to cause motor weakness, and seemingly remote from 
the middle cerebral artery. If the middle cerebral artery had by some chance 
been injured, why did the paralysis develop so gradually? We have also wondered 
whether the drop in the pulse rate might not be similar to the bradycardia noted 
by Holman as a constant sequel to the closure of arteriovenous fistulas in his 
series of dogs. Five days after the operation, recovery of function began in the 
left side and steadily progressed. Still unable to explain the cause of the 
hemiplegia, it is equally difficult to explain the recovery. Aside from a slight 
residual weakness of the left arm and hand and a slight limp, the patient was well 
three and a half years after the operation. Two and a half years after the opera- 
tion, he had one convulsion; since then there have been no other seizures, either 
petit or grand mal, nor have there been any headaches or soreness corresponding 
to the old “localized tender spot.” The spells of forgetfulness have disappeared. 

Case 2. — History. — A well nourished, normal looking boy, aged 19, sought 
relief from convulsions (1922). At the age of IS, he was seized with numbness 
in the left corner of his mouth. A "pricking sensation as of pins and needles” 
quickly followed and spread over the left side of the face. The tongue was pulled 
to the left, and it also had a similar “sensation as of pins and needles." The left 
side of the face twitched. The sensation spread to the left arm, but the arm did 
not twitch. The attack lasted only about one minute. The hand was weak for 
several minutes after the attack; consciousness was lost. Five months later, he 
was attacked by a convulsion while asleep. He foamed at the mouth, and urine 
was passed. During the following two months there were four more such attacks, 
all occurring during sleep, then a free interval of several months. 

One year ago, a unilateral (left side) convulsion was not accompanied by loss 
of consciousness, and similar attacks have .since occurred about once a month, 
always with the warning aura of numbness at the corner of the mouth. There 
has been only one unconscious spell during the past year; the hand and arm arc 
ahvays weak after such a spell. 

Examination. — The results of the examination were negative. There was no 
objective evidence of motor weakness on the left side. The reflexes were norma 
and equal on the two sides. The roentgenogram was negative. The Wassermann 
reaction of the blood was negative. The preoperative diagnosis was probable 
cerebral tumor causing jacksonian epilq>sy. A tumor was suspected because 
motor weakness followed in the wake of the convulsion. 

Operation.— Pah. 11, 1922: Right craniotomy was performed. On the dural 
side of the bone flap, the inner table of the skull was eroded in a circu ar area 
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vein, joined at right angles a large anomalous vein which crossed the frontal lobe 
in a vertical direction and continued downward across the temporal lobe. There 
was no well defined rolandic vein. The network of veins dipped over the anterior 
margin of the temporal lobe, entirely obscuring the anterior pole. The largest 
venous trunk was over 1 cm. in diameter. The veins were a definite pink and 
were in striking contrast to the black veins elsewhere in the brain. One could 
easily see the blood rhythmically (with each heart beat) passing through the dilated 
thin walls of the veins. On palpation, a distinct thrill could be detected in the 
veins. Since anj' attempt to treat the aneurysm surgically appeared to involve a 



Fig. 4 (case 1). — ^Ventriculogram showing dislocation of the ventricles to the 
left and the deep third ventricle. The arrows indicate the dislocation of the 
ventricular system toward the left. 


risk greater than my co-workers and I were justified in assuming, the dura was 
closed and the bone flap was replaced. 

Second Operation . — ^Two weeks later the wound was reopened, the frontal lobe 
retracted and the inferior surface of the frontal lobe and the anterior pole of the 
temporal lobe well explored. Search was at once made for an arterial communi- 
cation. A large anomalous branch passed from the middle cerebral artery 
(immediately distal to its origin) directly into the mass of engorged serpentine 
vessels. It was thick-walled and definitely arterial at its origin, but less than 
0.S cm. distally there was an abrupt transition to a thin-walled vein. This vessel 
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After consultation with the patient’s brother, who realized the great danger 
involved, an attempt was made to extirpate the mass. It was hoped that the 
surface vessels might be ligated and the tumor undermined and included in a 
mass dissection of brain tissue, without actually coming .in contact with the vessels 
of Ae tumor. As this was our first experience with this type of lesion, we little 
r^Iized its extreme difficulties and dangers. The sylvian vein was tied with two 
silk ligatures and the vessel divided. We hoped to work through the cortex from 
this point mesially, but as there was not sufficient room, the line of attack was 
shifted to the mesial aspect of the tumor. The rolandic vein was doubly tied and 
divided. A remarkable resistance was ^countered in ligating the vein. Usually 
a vein offers almost no resistance to the sliding knot, but ih this instance the 
knot could be slipped down only step by step because of the pressure wi thin the 
vein. Ligation and division of the rolandic vein were accomplished without 
incident. A few minutes later, however, while a subcortical dissection was being 
performed and preparation was being made to ligate additional vessels, a sudden 
burst of blood flooded the operative field. The rolandic vein had burst, not at the 
points of ligature but in the bulge of the vein about midway between the ligatures 
on its now isolated segment. The closure of the venous outlets had taken away 
too many of the channels of exit for blood from the tumor and the thin-walled 
rolandic vein, no longer able to withstand the added extra strain of increasing 
arterial pressure, burst at its weakest point. The bleeding became profuse. Pres- 
sure with cotton and gauze accomplished little more than to check the bleeding 
temporarily. A rapid extirpation of the mass was attempted, but the bleeding 
vessels multiplied. There was no cerebral tissue, only a skein of wormlike vessels 
which bled furiously. The carotid vein was tied in the neck, and while this 
reduced the bleeding so that tampons of cotton controlled it, shortly afterward 
the renewed pressure established by collateral again lifted the cotton pack, and 
the bleeding began anew. When it was again stopped, the patient’s condition was 
so seriously affected that he died a few hours later. 


Case 3. — History . — ^A healthy looking man, aged 35, was referred by Dr. Ralph 
Greene, of Jacksonville, Fla., on Jan. 25, 1925, because of a general mental and 
physical breakdown, headache, double vision, periods of somnolence, slurring 
speech and staggering gait. 

The patient’s condition was said to have begun two years before examination 
with a staggering gait and a tendency to swerve to the left. He said that he 
would fall to the left any time when his eyes were shut. Diplopia had been 
present more or less continually for the past two years. Dizziness was frequent 
and disturbing. A thick slurring speech had been noticed for a month. Headache 
had occurred irregularly, but were more noticeable when the patient was consti- 
pated. There was also pronounced mental impairment with paranoid trmd. He 
was irritable and suspicious and adopted a superior attitude. His insight an 
judgment were poor. His speech was slurring and he quickly rambled over a 
number of subjects without cohesion and without meaning. He had former} 
studied medicine and apparently did well until he stopped because of a dislike for 
the subject. His memory was uncertain. Convulsions, loss of consciousness, 
motor or sensory disturbances or difficulty in swallowing were not noted. 

Examinafion.— The neurologic examination showed bilateral choked disk of 
3 diopters in each eye. There were no obvious extra-ocular palsies to explain 
diplopia ; coarse nystagmoid jerks of the eyeballs occurred when the 
looked far to the right or left. There was dysarthria; greatly diminished hearing 
in the left ear; slight ataxia in the heel to knee test, but not in the finger to nos 
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test; staggering gait; positive Romberg sign, the patient fallmg constantly to the 
left and no adiadokokinesis. He walked with a broad base. 

There were bilateral positive Babinski and Oppenheim signs; otherwise the 
reflexes were normal There were no motor or sensory changes. The Wasser- 
mann test of the blood was negative. A roentgenogram of the head was negative. 

A tentative diagnosis of cerebellar tumor was mad^ but the pronounced mental 
changes were unexplainable. 

Ventricular estimation showed both ventricles to be large and in free com- 
munication with each other (indigo-carmine test). The fluid was under greatly 
increased pressure. 



Fig. 8 (case 3).— Sketch of aneurysm showing the tremendous vertebral artcr> 
on this side. This diagrammatic sketch is intended to show the difference 
the vertebral arteries on the two sides. The sketch is not accurate in t^at ^^ 'c 
bulge of the artery was between the atlas and the axis, but from the 
at the operation it might well have looked as it does. The artery was doubtJcss 
also enlarged bdow this point, though it could not be inspected at the operation. 

Operation. — A cerebellar exploratory operation was performed. 
cerebellum was exposed, six large tortuous veins stood out in strong rdic a 
equally on both cerebellar lobes. They converged to two large trunks a 
border of the superior surface and dipped out of sight onto the tentona su 
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Fig. 6 (case 3). — ^Arteriovenous aneurysm in the posterior cranial fossa. The 
large veins on the surface of the cerebellum were lost under the dura. 



Fig. 7 (case 3). — ^Elevation of the left lobe of the cerebellum shows the big 
venous bed underlying and the tremendous vertebral ^artery beneath the vein. 
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wound was bulging and tight; immediately afterward it became soft and some- 
what sunken, and. remained so during the -remainder of the patient's stay of a 
month in the hospital. A discharge note by Dr. Deryl Hart states that the bruit, 
formerly heard so strongly over both temples, could be heard only over the right 
(contralateral) temple. The gait was much' improved; the Romberg, Babinski 
and Oppenheim signs were negative. Subjective diplopia still persisted. 

Two and a half years later, the patient wrote that he had remained well and 
free from headaches, but, judging by his letter, there had not been any mental 
improvement. 



Fig. 10 (case 4). — A spider-like arrangement of veins abnormal in both size 
and position are directed toward the central swelling, which is just above an 
underlying beneath, and which can be palpated. 


Case 4. — History. — A sparely nourished man, aged 47, was referred b> 
Dr. L. E. Stubbs and Dr. H. W. Curtis, of Newport News, Va., on Oct. 1, m 
because of frequent jacksonian convulsions and some motor weakness. Six years 
before this, he was suddenly seized with a cramp in the left hand ; this was imme 
diately followed by weakness of the legs, loss of consciousness and a ®°*"^®*f**’ 
He regained consciousness an hour and ten minutes later, but was so ® 

he could not leave the bed for three days. A month later, he was seized wi i ^ 
attack similar in origin but less severe ; consciousness was lost for on y a e' 
minutes. During the next three years, such attacks occurred with fair regu ao . 
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ExammatioH.—Tht neurologic examination showed that there was some motor 
weakness of the left side of the face Md of the left arm, but not of the leg. 
Sensation was not changed. Biceps and triceps reflexes were markedly increased 
on the left side. The knee jerks were slightly greater on the left; the Babinski 
sign was negative. The Wassermann reaction of the blood was negative. 

A roentgenogram of the head showed a group of calcified areas in the right 
frontoparietal region. In the anteroposterior view, these extended almost from 
the surface to the midline. The shadows were linear and circular, and in one 
place there was a definite whorl. The shape of these shadows suggested a 
vascular pattern, and from the roentgen-ray observations alone, a vascular tumor 
was suspected. 



Fig. 12 (case 4).-yPatient after the cerebral exploration and after the ligation 
of the internal carotid arteiy on the affected side. The partial occlusion later 
.became complete by the reaction around the rubber band which was used to 
restrict it. 

Operation.— On Oct. 3, 1925, a left craniotomy was performed over the 
region so clearly defined in the roentgenograms. The inner table of the bone 
was much thinner. These changes of pressure were due to a localized dilatation 
alnng - the course of a large tortuous cerebral vein in front of and below t e 
face portion of the rolandic area. From this venous center four large tortuous 
veins radiated as from the hub of a wheel (fig. 10). This venous dilatation was 
also situated almost in the center of an indurated subcortical mass, s a^ y 
defined by palpation and measuring about S bj' 5 cm. The large venous dilat^OT 
could be seen to pulsate, and when partially obliterated a thrill yras imp^e ° 
the palpating finger. At each heart beat, the swirling red (arterial) bloo cou 
be seen through the walls of the vein. There seemed no hope of a success u 
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about every two months. Three years before coming to Dr. Stubbs and 
Dr. Curtis, he had the first attack in which, he was conscious throughout. A 
cramp attacked the left hand, causing his hand to close into a fist; the arm 
quickly became rigid and drew up above, the head. He had a sensation of h«»ing 
unable to catch his breath; he thought it grew dark about him, and it seemed 
as if his heart had stopped beating; profuse perspiration broke out. He thought 
he was going to die. He thought his left leg was paralyzed, for he could not 
move it ; tlie muscles of his trunk did not seem to be affected. This attack lasted 
half an hour, gradually passing away. For the next two years, there were no 



Fig. 11 (ca% 4). — Roentgen-ray observations. The arrows are directed tou'ard 
the enormous shadows, and the whorl-like calcification of the \’essel in the 
aneurysm is the most conspicuous shadow in the group. 


more attacks (he was taking phenobarbital) ; then followed an attack like the last 
one. Since then similar attacks, without loss of consciousness, had occurred at 
intervals of about two months. After one attack the left arm and leg were 
paralyzed for half an hour, the function gradually returning. In addition, the left 
arm steadily became weaker, until it was considerably disabled. There had been 
only one attack at night, and no petit mal attacks. Severe headaches occurred 
after the attacks ; with these exceptions, be did not have headaches. The attacks 
appeared to be induced by constipation, but not by exercise or excitement. Pheno- 
barbital was definitely helpful; he ascribed the two j-ears’ free inten-al from 
attacks to this drug. There was no history of trauma. 




208 


ARCHIVES OF SURGERY 


A ventriculography showed that in the right postrolandic region there was 
a great defect 'which was in free communication with the body of the lateral 
ventricle. The loss of cerebral tissue was interpreted to be the sequal of the 
hemorrhage which had occurred seven months before. The actual tumor or 
aneurysm did not show, but was assumed to be alongside the cerebral defect. 

Operation . — On July 21, 1925, a right craniotomy was performed. A plexus 
of large, tortuous veins obscured the brain just above the sylvian vein and 
below and posterior to the motor face area. The rolandic vein, which skirted 
the' mass of superficial veins, was two or three times its normal size; the 
sylvian vein was also much enlarged. This circumscribed mass of veins dipped 



Fig. 13 (case 5). — The cluster of veins overlying and draining the mass of 
vessels below the surface of the vein. These veihs abnormal in position emptj 
into the' tremendous rolandic vein which is continuous with an equally large 
sylvian vein. Arterial blood could clearly be seen in the veins. The cyst just 
posterior to the cluster of veins is- the outer part of the defect which resulte 
from the cerebral hemorrhage which occurred several months previously. 

into the cerebral cortex. Red arterial blood could be seen swirling in the 
rolandic vein with each heart beat. A thrill could not be felt. 

About 1 cm. behind the venous plexus the meninges were transparent in sn 
oval area about 1 by 1.5 cm. A cystlflce dome was bulging upward^ from be ow. 
When this was opened, it proved to be the big ventricular dilatation (cere ra 
defect) indicated by the ventriculograms. The cerebral defect became 
below the surface and was nearly as large as a hen’s egg. Its size w^s i c 
reduced where it opened into the lateral ventricle. 
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surgical intervention for such a vicious arteriovenous lesion. A subtemporal 
decompression Avas made; it remained fairly full and tight after the operation. 

Second Operation , — ^Three weeks later, it was decided to ligate the right com- 
mon carotid artery. Because of the danger of this procedure at the patient's age, 
a partial occlusion was first made with a rubber band. Twelve days later, the 
wound was reopened, the artery was ligated above and below the band, and the 
intervening tissue (including the band) was excised. There was a rather exten- 
sive reaction of all the tissues contiguous to the rubber foreign body. The carotid 
artery was already completely occluded with firm fibrous tissue within its lumen. 
It Aras our impression at the time that this was a satisfactory method of inducing 
a gradual occlusion of the carotid. It would, however, be dangerous if eventual total 
occlusion of the internal carotid artery could not be tolerated. No untOAvard 
symptoms Avere noted at the time of partial ligation or subsequently when it 
became total. 

When the carotid artery Avas exposed for ligation, a lumbar puncture was per- 
formed, and tlie height of spinal fluid was measured. On each temporary closure 
of the carotid artery (to test for possible symptoms of cerebral anemia), the 
spinal pressure became reduced from 280 to 255 mm.'and returned to the previous 
normal level when the lumen of the carotid artery was again restored. The blood 
pressure rose from 168 to 175 each time the carotid artery was closed. 

For five days after the operation, the decompression was markedly sunken, then 
becoming flush Avith the skin. 

The convulsions disappeared for more than a year. They then returned in 
mild form, but after eighteen months had again become like the former attacks. 

Case S,— History,— A Avell nourished man, aged 48, was first seen in coma 
in the medical service of the Johns Hopkins Hospital, on Jan. 21, 1925. During 
the past ten years, he had had four convulsive seizures Avith loss of con- 
sciousness and Avith involvement of the left arm and leg. He did not rouse 
from the attack he had just before his admission to the hospital. He had 
incontinence of urine and feces, a pulse rate of 44 and rapid, stertorous 
breathing. Gradually, the coma disappe^ed. A residual partial hemian- 
esthesia, hemiplegia and homon3rmous hemianopsia were present on the left 
side when consciousness was restored. Eventually, all of these signs dis- 
appeared almost entirely. Bloody fluid Avas obtained from several lumbar 
punctures. He convalesced slowly, and when discharged from the hospital six 
Aveeks after the onset of coma, he uras mentally confused and forgetful. There 
was no history of trauma. 

Six months later (July, 1925), he had another attack, Avith unconsciousness, 
but it lasted only three or four minutes. Shortly afterward, be returned to 
the hospital for treatment. During the time since his comatose spell he had 
done some work, but had been morose and gloomy. After dinner he sat alone 
or went to bed, always shunning company. He was forgetful and at times 
confused. 

Examination . — ^A slight homonymous defect Avas found in the left A'isual 
field; the left knee jerk was obtained only on reinforcement; the right, not at 
all. No motor or sensory disturbance remained on the left side. The blood 
pressure Avas 125 systolic and 85 diastolic. The Wassermann reaction of the 
blood was negative. 

It was evident that the patient had had a cerebral hemorrhage in the 
parieto-occipital region. At his age, and with negatiA'c Avascular signs, it was 
safe to assume the existence of an underlying tumor or aneurysm from Avhich 
the hemorrhage had arisen. 





Fig. 14 (case S). — ^Reconstruction of arteriovenous aneurysm from the necropsy specimen. The 
large middle cerebral artery terminates in the mass of vessels — the so-called angioma — whereas on 
the opposite side the middle meningeal artery continues on posteriorly. The \’ascular bed protrudes 
into the defect which has resulted from the cerebral hemorrhage and which communicates freely with 
the lateral ventricle. 








Fig. IS. — ^Diagram to show the construction and \'ascular arrangement of the arteriovL'nous aneiirysni 
(case V, fig. 14). The oscular intracranial mass takes the place of the former capillary bed from 
which it doubtless is a congenital maldevelopment. 



Fig. 16.— Sketch to show the relative size of the middle cerebral arteries on the normal and 
affected sides. The artery on the side of the aneurysm is considerably larger all the way to n<5 "rJum 
in the carotid. 
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open ventricular system, this patient would surely have survived, for the hemor- 
rhage would hav6 been far less significant and easily handled. Our reasons for 
excising this tumor were: 1. The tumor was back of the rolandic area, and a 
hemiparesis could probably be avoided. 2. Owing to the protrusion of the 
arterial units into the cerebral defect, a cerebral hemorrhage would probably occur 
again and by flooding the ventricular system cause death. 

The middle cerebral arteries of both sides were dissected after death. The 
right was from one-third to one-half larger, even to its origin at the carotid 



Fig. 18 (case S). — Ventriculogram of the affected side. The large shadow is 
the cerebral defect which has resulted from the old hemorrhage. It will be noted 
that the volume of air which filled the left ventricle was only enough to fill the 
defect in the right ventricle. 

artery. The affected middle cerebral artery turned upward and terminated in 
tbe branches which entered the nest of vessels. The left artery, however, too 
an entirely different course in this region and for some distance continued bac 
w'ard toward the occipital lobe. 

Case 6. — History. — A well nourished j'oung man, aged 31, complained of loss 
of vision, progressive weakness of the left arm and leg, headache and convu sions. 

The first s 3 'mptoms of onset, dating back fifteen 3 ’ears, were intermittent spe s 
of blurred vision and headache across the forehead on the right side. 
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In the anterior wall of the defect, several small, hard, dark gray nodules, from 
about 1 to 2 mm. in diameter, protruded into the cavity. Poorly covered by the 
white matter of the brain, they were recognized as vascular buds and as the out- 
posts of a vascular tumor. Extirpation of the mass seemed possible and was 
attempted after ligation of the vessels on the surface of the brain. We were not 
unmindful of our earlier tragic experience in ligating the superficial veins, but 
this tumor looked far less vicious from the surface. After the tumor was circum- 
vented by ligatures, extirpation was begun from the cyst forwsurd. The cortex 
was first incised below the tumor in order to get the entering arterial trunks. 



Fig. 17 (case 5). — ^Ventriculogram; a lateral view of the normal side. 


A dense mass of intertwined serpentine red vessels of more uniform size was 
encountered. 

A detour of the incision was made downward, and in this way the vascular 
Ti^agg was divided. Three fair-sized arteries were isolated near their entrance 
into the cluster oi vessels. After ligation of the arterial supply, the vascular 
tumor was removed without difiiculty. Bleeding was entirely stopped when closure 
was begun. However, despite a prompt recovery from the anesthetic, the patient 
died six days after the’ operation from a slowly developing intraventricular 
hemorrhage. During the operation the opening into the lateral ventricle had been 
carefully packed to preclude bleeding into it. 

Necropsy showed three branches of the left middle cerebral artery clipped at 
tfje margin from which the tumor had been excised. Had it not been for the 
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Epilq)tic attacks appeared soon after the sensory and motor symptoms The\- 
were initiated with numbness in the left arm and leg and a drawing sensation in 
the left side of the face, but consciousness was not lost. The attacks usually 
came while he was asleep and awakened him. A painful headache always fol- 
4owed. In some of the attacks, only part of the left side was involved. The 
epileptic attacks steadily increased from two or three a month in 1920 to fifteen 
a month. The later attacks began with numbness and stiffness of the fingers of 
the left hand and the toes of the left foot. The right side was never involved. 
Diplopia appeared recently. During the past three years the vessels over bis 
face and head, particularly on the right side, have become much larger and more 
conspicuous. 



Fig. 20 (case 6) . — ^Drawing of aneurysm as seen at operation. The interlacing 
vessels in the subdural space are clearly arterial. The large veins on the cortex 
of the brain drain the lesion which has doubtless extended into the brain. 


Examination . — Over the occipital region of the right side was a diffuse bulging 
mass about S by S cm. but without sharply defined boundaries ; it pulsated stronglj 
with each heart beat. The superficial temporal, posterior auricular and occipita 
arteries were tortuous, much enlarged and easily visible. When all three o 
the arteries were compressed, the swelling in the scalp subsided and ceased to 
pulsate. A bony opening could be palpated just mesial to the right mastoid process 
and in the normal position of the mastoid vein. This opening, which also showc 
clearly in the roentgenogram, was about 1 by 1 cm. in diameter. Another sma 
opening in the right frontal region was all that remained of a gradually c osing 
decompression (performed ten years before). When the patient stooped, the veins 
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spells occurred once or twice a week. Limitation of vision to either side w'as not 
noticed at that time. In 1916, a decompression and puncture of the corpus cal- 
losum were performed at the Mayo Clinic. The patient was benefited for a short 
time, but the symptoms gradually returned. 

In 1918, while on duty in France, he fell from a horse; a severe headache 
developed, but lasted only for several days. Craniotomy was performed at the 
Mayo Clinic in 1920. ' At that time, a choked disk was reported, and at the opera- 



Fig. 19 (case 5). — ^Low power microscopic view of the network of vessels in 
the so-called angioma. These vessels vary tremendously in size and in the thick- 
ness of their walls, some contain elastic tissue of irregular strands ; others do not. 
There is much thrombosis and irregular thickening of the intima. 

tion, unusually large cortical vessels were noted. For the past six years, he has 
steadily become %vorse. His vision has steadily diminished ; since 1920, he has been 
unable to see to the left side (left homonymous hemianopsia). The sense of 
pressure in the head, and particularly in the right temple, has become more and 
more intense. Numbness and weakness in the left hand, arm and leg began .ibout 
1921, and have gradually increased. 
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vein, a vein of corresponding size entered, filling the opening, and carried the 
blood from the vascular tumor. The angioma was dissected from the scalp and 
its entering arteries carefully marked for later study. The huge vein was care- 
fully ligated at the bony opening with a transfixion suture of silk. Immediately 
after the operation, each vessel was carefully traced. The occipital artery pa sse d 
directly into the big mastoid van. This continuity was demonstrable by a probe 
which passed without interruption from the artery into the vein. Likewise a 
probe in the posterior auricular artery passed directly into the occipital artery just 
before it entered the big mastoid vein. A third small artery; presumably a branch 
of the superficial temporal, could not be traced accurately. There was, therefore, 
an arteriovenous fistula between the occipital arteiy and the mastoid vein and 
another interarterial fistula between the posterior auricular and the occipital 
arteries. The position of the great mastoid vein suggested that it entered the 
lateral vetious sinus ; it, therefore, seemed probable that the external arteriovenous 
fistula was separate and distinct from the arteriovenous aneurysm .within the 
cranial chamber. Whether they were in communication through the lateral sinus 
could not be determined. 


Secotid Operation . — ^July 20, 1926: The patient’s signs and symptoms had been 
unchanged after the external operation. Feeling that an attack on the intracranial 
aneurysm would be' too hazardous, a- large right subtemporal decompression was 
performed in order to relieve the intracranial pressure. ' It was hoped that the 
patient might be relieved, at least to the extent of stopping the headaches and 
preserving the vision which was being menaced by a high papilledema. 

When the dura, which was excessively bloody, was cautiously opened, several 
tortuous vessels lying in the subdural space were found attached to the inner 
side of the dura. Most of these vessels could be stripped away from the dura, 
but others entered it and had to be ligated. These extremely tortuous vessels 
were red and pulsated strongly. All that were visible were clearly arterial 
channels. 


These arteries, which formed free loops in the subdural space, could be com- 
pared only to a tangled mass of angle worms ; they were also about that size and 
fairly uniform. This vascular tumor was situated along the posterior ’part of the 
temporal lobe. Everywhere this part of the brain was completely hidden from 
view. Three tremendous veins emerged from this cluster of vessels. A^ fourth 
vein of about the same size paralleled the anterior part of the decompression and 
could not be seen to enter the angioma. Pulsation could be seen and a thrill 
palpated in these veins. 

When the vessels were freed from the dura, furious bleeding resulted. It was 
possible to control the hemorrhage only by a cotton pack. The next day, carefu 
removal of the pack was again followed by arterial bleeding, though somewhat 
less severe. A piece of muscle then controlled it. 

The headaches were entirely relieved by the operation, but the symptoms an 
signs have remained as before. The decompression has since bulged at times, u 
at other times has been sunken. 


Case 7.— History . — A normal looking boy, aged 14, was referred by Dr. Rap 
Greene, of Jacksonville, Fla., because of Jacksonian epilepsy (Oct. 27, 1926). ms 
trouble dated back to the age of 7 years, when his mother handed him a glass o 
water; he dropped it and said his hand was weak and that he could not ho i* 
He was conscious throughout the attack. A few weeks later when cutting pa^. 
he complained that he could not use his right hand. Three months later, " 
at school, he had the first convulsion. After the attack, he recalled that his ongx 
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of the head and face became enormous. A loud systolic murmur was heard over 
the entire head, but much more over the right parietal and occipital regions. 

The positive neurologic observations were : high grade papilledema (6 diopters) 
in both fiindi; hypesthesia for pain, touch and temperature over the left side of the 
face and of the left arm and leg; slight weakness of the left facial muscles. Tlie 
patient walked with a decidedly spastic hemiplegia gait; the left hand and arm were 
weaker than the right; sharply defined and complete left homonymous hemianopsia 
was present. 

The corneal reflex was less active on the left; the knee jerks, biceps, triceps 
and achilles reflexes were exaggerated on the left; there was ankle clonus on 
the left; the Babinski sign was negative. 

A roentgenogram showed a circular opening (1 by 1 cm.) in the occipital bone 
just mesial to the right mastoid process. 



Fig. 21 (case 6). — ^Arteriovenous aneurysm of the scalp. The upper glass 
rod passes from the occipital artery into the mastoid vein (V). The posterior 
auricular artery (A) also is seen jrassing into the occipital arter>' near its junction 
with the mastoid vein. The mastoid vein entered a hole as large as one’s finger to 
the left of the mastoid process. The superficial temporal artery (?) enters at 
the line of communication between the artery and veins. 

Operation . — ^June 20, 1926: Since the extensive pulsating mass in the left 
occiput seemed to be dependent on the patency of the superficial temporal, the 
posterior auricular and the vertebral arteries, these were first ligated, although it 
was evident that the intracranial lesion (presumably also an arteriovenous 
aneurj'sm) was much more extensive, since there was hemianopsia, i)artial hemian- 
esthesia and hemiplegia. The mass of vessels in the scalp was carefully dissected, 
and at the time the branches of the external carotid artery were exposed for 
ligation. All three of the vessels entered the extracranial vascular mass, and 
through the large, bony opening which corresponded in position to the mastoid 
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A diagnosis of tumor or aneurysm was made, more probably the latter because 
of the old history of a cerebral hemorrhage and vriih so little progression of signs 
or symptoms over a period of seven years. 

A filling defect nearly obliterated • the anterior part of the body of the left 
lateral ventricle. In the background of air, a linear calcified shadow was clearly 
visible, whereas in the roentgenogram without air, this shadow could not be seen. 

Operation . — On Oct. 29, 1926, left craniotomy was performed. When the dura 
was exposed, a localized bluish swelling was evident toward the mesial part of 
the bony defect. The dura over this region had been unusually bloody; it waS 
also thinner than elsewhere. The localized bulge was due to an underlying venous 
dilatation which appeared to come out of the brain tissue and which passed into a 
large vein that coursed mesially to the superior longitudinal sinus. It corre- 
sponded in position with the rolandic vein, which it undoubtedly represented. A 
second smaller vein passed downward from the mass to the sylvian vein. The 
large rolandic vein was distinctly red, and through its thin walls the pulsing red 
blood could be seen rhythmically mixing with the darker venous blood. No other 
enlarged veins were present on the surface of the brain. Palpation of the brain 
revealed an indurated area beneath the face area, but no attempt was made to 
expose the underlying tumor or to treat the lesion in any way. Its position in the 
important part of the leading cerebral hemisphere precluded any further effort. 

A year later, his condition was practically unchanged. 

Case 8. — History. — A. well nourished man, aged 35, in good general health, 
complained of generalized convulsions (May 5, 1925). His first attack had 
occurred fourteen months earlier. It was described as a generalized convulsion 
which came without wattling and lasted about half an hour. He frothed at the 
mouth, bit his tongue but did not have incontinence of urine. The attack came 
on during sleep. A few hours later, he had another attack which seemed to be 
similar to the first, and two hours later another. Three months later, he had 
another attack at dinner, and was told that his left side had been rigid (probably 
incorrect). This attack lasted from twenty to thirty minutes. Additional attacks 
occurred six, ten and fifteen months later. Unilateral features were not noted in 
any of them except the one just quoted, but he has been told that his head usually 
turned to the right. There was no history of trauma. 

Neurologic and Physical Examinations . — The results of the neurologic and 
physical examinations were negative. The Wassermann reaction of the blood 
was negative. 

The ventricular system was dislocated to the right side, indicating a cerebral 
tumor on the left The ventricular fluid was normal. 

Operation . — On July 21, 1925, left craniotomy was performed. Five greatly 
dilated and somewhat tortuous veins stood out in strong relief on the surface of 
the brain. The rolandic and sylvian veins formed a relatively enormous con- 
tinuous channel from the sylvian fossa to the superior longitudinal sinus. An 
almost equally large offshoot of the sylvian vein paralleled the rolandic vein an 
entered the longitudinal sinus, and two other branches of similar size passe 
downward from the sylvian vein to enter the transverse sinus. The latter 
running closely together, formed en route a plexus over the temporal lobe. ^ T w 
red blood could be seen swirling in these veins with each pulse beat and mixing 
with the darker venous blood. The arteriovenous connection was deeper in tic 
brain and could not be seen or palpated. The wound was closed without anj 
attempt to treat the aneurysm. 

Second Operation . — Two weeks later, the left common carotid artery na® 
exposed under local anesthesia. After several transient compressions of the caro i 
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felt queer and that he could not swallow. It was observed that his right hand 
was drawn in the convulsion. A second convulsion occurred a year later; it 
resembled the first. A month later, the right side suddenly became completely 
paralyzed. Though he was unable to talk, he understood ever 3 fthing. There was 
some fever for three or four days and severe headache. A week' later, the func- 
tion began to return in the leg and arm, and in three weeks speech began to return. 
In three or four months, his speech was again normal, but there has since 
remained a slight residual weakness of the arm and leg. Further s}rmptoms did 
not appear until two weeks before he came to the Johns Hopkins Hospital 



Fig. 22 (case 7). — ^The large rolandic vein can be seen coming directlj' out of 
the brain and has arisen from the vascular mass situated beneath. Arterial blood 
could be seen pumping into it. It will be noted that it has no connection with 
the group of veins below and which also comes out of the depth of the brain. The 
convolutions separate these two ends of the vein. The lower branch is con- 
tinuous with the sylvian vein which is also large. 

(October, 1926), when another attadc began in the right hand. He had head- 
aches only after attacks. There was no history of trauma. 

£;i:ai»i»afion. — ^The neurologic examination showed the following positive 
symptoms: definite weakness of the facial muscles, the right hand, arm and leg: 
some atrophy of the right side; increased deep reflexes on the right; no ankle 
clonus, and a positive Babinski sign on the right. 

The roentgenogram was negative. The Wassermann reaction of the blood was 
negative. 
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Pagan, of Washington, D. C, because of deforming vans of the scalp. 

Mriy childhood (at least since she was 2 years of age), a lump had been present 
in the midline of the scalp and between the parietal eminences. It had always 
pulsated, but had been soft and painless. It had not given her any trouble, and 
had not grown in later years. Nine years before, when her first child was bom, 
a lump, thought to be a big vein, appeared in the middle of the forehead. This 
swelling grew forward and became larger spasmodically; during each of seven 
pregnancies, it increased in size until it overhung the bridge of the nose and 
extended over to the inner canthus of each eye. Many other large tortuous veins 



Fig. 24 (case 8). — ^Ventriculogram showing the small left anterior horn as 
compared with the normal on the right. 


filled the scalp and became steadily larger until they began to encroach on the 
canthus of both eyes. The patient again became pregnant and was anxious abou 
the vein increasing in size at the time of delivery. There had been no signs o 
intracranial pressure, though intermittent general headaches had been P”®® 
four or five years. On one occasion she had had an attack of numbness in\o 
the right hand and lasting two weeks, but consciousness was not lost.^ 
no motor weakness during the attack, or at any other time. Noises in ot i ea 
had appeared recently' and were somewhat annoying. 
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without subjective or objective noticeable change, the artery was ligated just 
below the junction of the internal and external carotid arteries. Manometeric 
readings- of the spinal fluid were made at the time of compressions of the internal 
carotid artery (lumbar puncture was performed at this time). With each 
temporary closure of the common carotid artery, the pressure of the spinal fluid 
fell from 240 to 215 mm. The pressure returned to its former level when the 
arterial compression was released. The blood pressure rose from 104 to 110 
immediately after the ligation. 

It should be noted that for several days before the ligation, the carotid arteo' 
was compressed on many occasions by pressure on the neck and without symp- 
toms ; the results indicated that the operative ligation would probably be safe. 



Fig. 23 (case 8). — Showing the distribution of the large distended veins on 
the surface of the brain and also the cluster of veins over the temporal lobe. 
Arterial blood could be seen pumping into these tremendous cliannels. As this 
aneurysm involved the most important part of the brain no attempt was made to 
treat the aneurysm directly. The left internal carotid arterj' was subsequently 
ligated. R indicates rolandic vein; S, sj’hdan vein; F, frontal vein; B, veins to 
lateral sinus. 

The patient has remained free from both petit and grand mal attacks to date 
(two and a half years). There have been no untoward symptoms as a result of 
the closing of the common carotid artery. 

Extracranial Arteriozvnous Aneurysm — the Prototype of the Intracranial 
Lesion.— A well nourished, healthy woman, aged 29. was referred by Dr. A. K. 
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therefore, eliminated by the test. Palpation of the veins failed to disclose an 
arterial pulsation. A slight murmur could be heard over the veins when examina- 
tion was made with a stethoscope. A thrill could be definitely made out over the 
large median vein and in other veins near the tumor. The greater the distance 
from the tumor, the less distinct the thrill became. The degree of pressure must 



Fig. 26. — ^Arteriovenous aneurysm of the scalp which doubtless had intercranial 
extensions since the patient had localized sensory involvement of the right hand 
at one time. This lesion is a prototype of the intercranial aneurysm shown in 
figure 20. A localized mass posteriorly corresponds with the so-called angioma. 



Fig. 27. — Same as patient in figure 26. 


be just right to elicit the thrill. All of the veins were easily compressed. The 
tumor mass itself gave a strong expansible pulsation. The tumor was fairly so t 
and partly compressible, giving the impression of a mass of angle worms, "ft hen 
the mass was compressed firmlj’, it became painful and induced headaches. C<ot- 
pression could not be tolerated for more than a few minutes, nor could a num r 
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Examination.— A pulsating tumor about as large as a lemon was palpable in 
the midline of the head between the parietal eminences. When the whole head 
was shaved, this mass was easily visible. From this tumor, as from the hub of a 
wheel, a number of enormous, tortuous veins coursed posteriorly, laterally and 
anteriorly (fig. 27). Pressure on the jugular veins promptly caused them to 
become tight and much fuller. Pressure on certain veins caused the distal portion 
to collapse, but the collapsed portion nearly always filled up slowly from collateral 
channels; when the collateral channels also were compressed, the distal part of 



Fig. 25 (case 8). — ^Patient after ligation of the internal carotid artery in 
the neck. 

the veins remained collapsed and did not fill (fig. 28). Particular reference is 
made to this point because of the large midline vein which extended to the nasion. 
When the collapsed venous space was palpated, it felt rough and one received the 
impression that there was a groove in the bone ; until this test was made we won- 
dered whether there might not be communication with the superior longitudinal 
sinus situated immediately beneath. The possibility of this communication w.a#. 
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of veins be compressed at one time ivithout causing pain and headache — doubtless 
for the same reason. Temporary occlusion of the veins caused the central tumor 
to become full and tight. 

The roentgenogram showed large grooves of the middle meningeal artery on 
both sides; both grooves extended to the midline and appeared to end directly 
beneath the tumor of the scalp, otherwise the roentgenogram was negative. 

The results of the neurologic examination were negative. The Wassermann 
reaction of the blood was negative. 

A diagnosis of arteriovenous aneurysm of the scalp was made. The large 
channels of both middle meningeal arteries and the focal numbness of the hand 
made it seem probable that there was an intracranial extension of the aneur>'sm. 

Operation . — ^The tumor itself was not removed, for intracranial extension was 
feared, because of the numbness of the hand which had been present for two 



Fig. 28. — The collapse of the vein over the forehead when the arterial supply is 
cut off from the vascular mass. The venous channels then become greatly sunken. 

weeks. The superficial temporal, internal maxillarj'^ and occipital arteries were 
ligated on both sides of the neck. On the left side, the external carotid artery 
was also ligated at its origin. After ligation of the arteries, the veins responsible 
for the tumor on the forehead were ligated. The veins responsible for this 
part of the swelling had previously been determined by compression with the 
fingers. The disfiguring part of the venous bed at once disappeared and has not 
returned. The redundant part of the skin disappeared and no sign of the old 
deformity remained. A few days after the operation, all of the veins in the scalp 
became hard and tender and were no longer compressible. Apparently they had 
thrombosed, and when the patient was seen six months later, all trace of them 
had disappeared. The central tumor mass had greatly diminished in size and m* 
pulsation could be detected. The tinnitus had ceased. The patient had been well 
in every respect. 




Fig. 29. — Greatly enlarged meningeal grooves, both right and left, directed 
toward the vasctdar bed of this aneurysm (interior set of arrows). The posterior 
set of arrows show the greatly enlarged venous channels in the skull providing 
exit for the blood leaving the vascular tumor, i. e., to the lateral sinuses. 



Fig. 30. — Result two weeks after the operation at which the P****^?!, 

auricular, internal maxillary and superficial temporal arteries were lifted on 
sides, and in which the venous channels were ligated at the two points m ica 
by the pressure of the fingers in figure 28. Several months after this j 

was taken all the veins had subsided and the pulsation in the arterial mass 
ceased. 
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THE GROSS APPEARANCE OF ARTERIOVENOUS ANEURYSMS 


The venous trunks draining the aneurysms (when located in the cere- 
bral hemisphere) nearly always connect with the external venous circu- 
lation through the rolandic and sylvian veins, and when these form a 
continuous channel,- as they usually but not always do, both show the 
maximum effect of the arteriovenous connection. This is evidenced by 
their dilatation throughout their course. The degree of involvement of 
the contiguous veins varies in individual cases; at times other nearby 
veins may be almost unaffected. In a single case, the venous outlet was 
through the internal venous system (Steinheil) ; one small vein of Galen 
and the great vein of Galen were dilated and tortuous throughout their 
course to the sinus rectus. In addition, a sacculated aneurysm with a 
long pedicle was present on the vein of Galen. 

Because the external venous system carries the outflow of blood from 
most of the arteriovenous connections, the characteristic venous changes 
are on the surface of the brain. This makes it possible to detect tliese cases 
so easily at operation. And since the veins are free from all accessory 
coverings, it is also possible to see through their walls and detect the 
pulsing red, arterial blood against a background of black venous blood. 
This opportunity does not exist elsewhere in the body. So far as I am 
aware, attention has not been directed to this point — so essential to the 
diagnosis — heretofore. 

In many of the cases of arteriovenous aneurysms located in the cere- 
bral hemispheres, there are congenital abnormalities of the venous system 
on the exterior part of the hemisphere. In one case, the rolandic vein 
arose directly out of the brain substance, having its origin in the 
aneurysm. In two other cases, the rolandic vein did not exist as a well 
defined venous channel. 


The degree of venous engorgement is dependent on the size of the 
arterial supply and on the size of the mass of vessels, or rather on 
the size of their lufnina, forming the arteriovenous communication. A 
large angioma with many vessels takes some of the brunt of the arterial 
force off the venous channels of exit. A small angfioma or a short con- 
necting link throws all the arterial force directly into the veins. The 


smaller the artery and the smaller the lumen of the arteriovenous com- 
munication (i.e., the larger the number of vessels intervening between 
the artery and veins), the smaller will be the venous channels which 
drain the aneurysm. And conversely, the larger the artery and the larger 
the lumen of the arteriovenous connection (i.e., the smaller the mass of 
vessels between the artery and vein), the greater will be the effect on the 
veins emerging from the aneurysm. Many large veins, therefore, indicate 
a small angioma or a free end to end communication between an arterj 
and vein. Smaller veins indicate a larger angioma and an arteriovenous 
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In retrospect, there is reason to believe that removal «£ the mass might have 
been safely performed without ligation of the branches of the external carotid. 
The result, however, would not have been different. 


SEX AXD AGE AND TIME OF APPEARANCE AND DUR.VTIOX OF 
SYMPTOMS IN CASES OF ARTERIOVENOrS 
ANEURYSM OF THE P.RAIN 

In the literature, twelve of the cases of arlcriovcuons anenry.<m of 
the brain reported occurred in men and eight in women. Curiously, 
the eight patients in the cases reported in this paper were men. hut there 
seems to be no reason to lay emphasis on this point <ir to expect any 
differences due to sex. 

The time of appearance of convuLsions or the other more occasional 
symptoms is one of the most surimsing features of this lesion. Keing 
surely of congenital origin, it would be logical to expect symptoms soon 
after birth. Data on this point arc a\’aiiablc for eighteen of the thirty 
cases as follows : The first symptoms appeared in seven patients between 
the ages of 1 and 10; in three patients between 11 and 20; in three 
patients between 31 and 40; in five patients between 41 and .50; there 
was no record of first symptoms for iiatients between 21 and 30 years 
of age. 

In 44 per cent of the patients, therefore, the first sympt«ims <lid tiot 
appear until after the age of 30 and in 30 |)cr cent, .symptrwns began after 
the fortieth year. The latest time of apiiearancc was at the age of 4.'^. 

The duration of symptoms ranged from a few hours to fifty year>. 
In four of eighteen cases, .symptoms ha<l been pre.^ent f«»r more ih:in 
twenty years. 


LOCATION OF INTRACRA.VIAL AKTERKWKNOU.s AXKURVS.M.n 
The aneury.sms are located in almost every jjart f)f the br:iin. 'I’hree 
are in the cerebellar region ( Leunenschloss.*' Znojemsky.*' I )andy ». In 
one case (Znojemsky) there were two separate and di.»tinct .■ineiiry>m' * 
one in the right cerebellar lobe, the other in the cerebral hemi>:i)here. In 
two instances, there were arteriovciKUis aneury.‘'ms in the scalp, apjvjr* 
cntly independent of the intracranml lesuai (Muhsam. pnl'ating exopb- 
thalmos; Dandy, occipital artery and mastoid vein). 

An overwhelming iiroixirticm of the anenryMn'* are bnraied in il;*. 
IKiracentral region and have arterial connecti«fn with ;i branch o* d-.t- 
middle cerebral artery. In twi» case.s. the corjms callo-ial artery -trppb* .1 
the arterial connection (Deetz.*"’’ Sieinheil ’"). 
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section. The walls are at times thin, suggesting veins, and others along- 
side are thicker, suggesting arteries. The intima may be narrow, but 
frequently it is greatly thickened and at times irregularly so. Many 
vessels are entirely occluded by thrombus formation. The elastic fibers 
are shown in special stains to be present in the intima of many vessels 
but not in others. Rarely is the elastic tissue a well defined layer ; us uall y 
a strand is present here and there. The media is usually poorly devel- 
oped, with much hyaline degeneration or calcification. These changes, 
while doubtless varying considerably in detail, are essentially similar in 
all microscopic reports in the literature. They indicate abnormal, poorly 
developed vessels with debilitated walls, which render the person the 
victim of vascular rupture long before the allotted time for normal ves- 
sels. The extensive thrombosis Jias been commented on by several authors 
(Emanuel,®® Therman,®® Leunenschloss,®^ Astwazturoff,® Kaiser- 
ling ®®). It is doubtless one of the important reasons for the progression 
of the lesion in the later years of life. Each thrombosed vessel throws an 
additional strain on the venous system and on the angiomatous mass. 
Doubtless it is this added strain which is also responsible for many of 
the hemorrhages. The intercommunication of the vessels within the 
vascular nest has been described. I have been unable to learn whether or 
not this was true in case 2 which came to necropsy, for the mass was 
mutilated during its removal. Simmonds reported evidence of canaliza- 
tion of thrombi. 

SIGNS AND SYMPTOMS OF ARTERIOVENOUS ANEURYSM 

OF THE BRAIN 

(o) Convulsions . — With four exceptions, the first symptom in this 
group of cases was a convulsion, and most of these (all but two) were 
of the Jacksonian type. The starting point of the seizures, i.e., the aura, 
when present, varied with the exact point at which the motor or sensory 
tracts were involved. It is, of course, not necessary that the attacks 
show the Jacksonian march; at times even the focal or unilateral char- 
acter of the attacks may be none too clear, though probably in all cases 
there will at least be turning of the head to the opposite side. Jack- 
onian attacks are present only when there is a direct infringement on 
the motor tracts. Those aneurysms at a distance from the motor tracts 
will give less conspicuous unilateral signs in the attack, and usually no 
aura. In two of the cases reported here, there were no warning signs 
(aura). In both of the cases without Jacksonian convulsions the head 

32. Emanuel, C. : Ein Fall von Angioma arteriale racemosum des Gehims, 
Deutsche Ztschr. f. Nervenh. 14:288, 1898. 

33. Therman, E.: Ein Fall von Angioma racemosum cerebri, Arch. a. • 
path. Inst. d. Univ. Helsingfors 3:67, 1910. 
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communication which is relatively well comjjcnsated. i. c.. nearer the 
function of the capillary system. Doubtless there are many smaller arter- 
iovenous aneurysms with a small arterial inlet and relatively small veins 
of exit which could not be established as abnormal. A thrill could net 
be felt in these, nor could arterial blood be seen pumping into them. 
There have been several cases at the Johns Hojtkins Ilo.cpital which 
showed definite vascular abnormalities and which were thought to be 
arteriovenous aneurj'sms. but these have been excluded from all con- 
sideration because the absolute c\*idencc was lacking. 

Kaiserling’s case and case 1 in my scries are e.xccllcnt examples 
of excessively large and tortuous veins which result when nf> barrier 
is interposed between an artery and a vein. In Kai.<erling*s case, a 
tortuous elongated artery could be seen emptying directly into a lnig<‘ 
venous chamber. In case 1. a .short anomalous branch of the middle 
cerebral artery, and with normally thick arterial coats, abruptly pas*e<l 
into a vein. The transition between tbe thick arterial and the thin venon- 


coals was clearly seen during the inspection of the vessel. Reid’s c.ise ' ‘ 
of an arteriovenous aneurysm between the .subclavian artery atnl veins in 
the neck seems in every way an exact duplicate of thi« c;»se in tbe brain. 

A mass of vessels forming the connection between the artery and 
veins, i. e., the so-called angioma, when .such is prc.*ient. is usually in the 
depths of the brain, but this is not necessarily true. In c.ase b. tbe tna**' 
was external, at least in large jxirt. The gn>ss character of the mass of 
entwined vessels is also variable: .some look exactly like arterie». s"tne 
like veins, and some like a combination of arteries and veins. 

The arteries supplying the mass of vessels have always been larger 
than normal: some have been very tortuous iDeetz.'* Simmonil-.'-' 
Kaiserling In the only case of my series iii which tbe artery wa» 
observed, the middle cerebral artery was enlarged all the way m the 
internal carotid artery. It wa.s not tortuous. nf)r was ii^ enlargenviv. 
cxce.ssivc — j)crliaps frtim one-third to one-halt larger than the o*:- 
responding vessel of the opposite side (fig. 1(»». The arterial cliri'.’.e*-. 
while always definite, is never comjxirable to that of the vein-, whi.-b i- 


really the characteri.stic p;irt of the jnciure of arterio\eniin- .'usemx-n’.- 


iiiSTOLOinc .\ri>E.vK.\xeK or Tin: vr.ssH.s in -m.im*.;:* 


.\x«;ioM.\ 
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Steinheil “ and was present in two of the cases in my series, one perma- 
nently, the other only transiently after a cerebrarhemorrhage. Sim- 
monds « reported blindness in one eye and loss of smell and taste. The 
reflexes on the contralateral side of the body are, .of course, always 
increased when a motor weakness exists; often ankle clonus and usually 
a positive Babinski are also present under the same conditions. Deist’s 
patient had a positive Babinski sign, even though motor weakness was 
not apparent. 

Mental changes have been uncommon. Steinheil’s patient became 
demented. One of the patients in my series became moody and was 
forgetful after recovery from a cerebral hemorrhage. 

(d) Cardiac Changes . — ^Hypertrophy of the heart has been shown to 
occur in dogs after the production of arteriovenous fistulas (Reid,® 
Holman^). Some of the cases reported by Reid and Holman also 
showed cardiac hypertrophy and even decompensation, for which they 
assumed the arteriovenous fistula to be responsible. Since enlargement 
and tortuosity of the arteries al^vays follow a fistula, it is easy to believe 
that the heart too must suffer. Holman produced measurements to indi- 
cate that the size of the heart was actually reduced after the cure of an 
arteriovenous fistula- Emanuel,®- Isenschmid ®® and Laves ®® found car- 
diac enlargement in their cases and attributed it to the effects of the 
aneurysm. The heart was not found to be enlarged, or its function dis- 
turbed in any of the cases reported here. 

(e) Signs and Symptoms of General Pressure . — In only seven of 
the thirty cases was there a history of headaches (Muhsam,“ Simmonds,^® 
Eiselsberg,^® Emanuel,®® Dandy, [three] ) . This is noteworthy when the 
great size of the lesion is considered. The space adjustment, however, 
has occurred in early life and only gradual changes usually occur there- 
after, excluding, of course, the always overhanging possibility of a sud- 
den hemorrhage. In one of my patients, a man of 52, a headache had 
been present for only a week prior to the patient’s admission to the 
hospital ; his headache was sharply localized to the right frontal region 
owing to the fact that the vascular bed ^vas in contact with the meninges. 
The headaches in other cases have been generalized. The patient of 
Campbell and Ballance and three of the patients in my series had severe 
headaches after each attack. Emanuel’s patient was excused from 
military' duty because of severe headaches which persisted throughout 
youth and finally disappeared ; his head was also large. 

Few examinations of the eyegrounds are reported in the assembled 
cases. A papilledema is reported only by Mithsam. The eyegrounds 
were carefullv examined in all of our cases. • In six, there was no 
change; in two, a well advanced choked disk. The pressure in one of 
these was due to an obstructive hydrocephalus; the cerebellar lesion hac 
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turned away from ilu* side of the aneurysm and eventually in each other 
unilateral features jM'csented. 

In a numher of instances, consciousness was not lost in the attacks 
even when the sei 7 .ure involved an entire side of the body. (Deist,®* 
l.aves.''' Steinheil,’" Dandy). Ijiter, as the attacks became more severe, 
the other side of the body also became involved and consciousness 
was lost. 

Iiuleed convulsions need n<»l occur even thou{;h the motor or sensory 
areas are inv<»lvcd. (.)nly two cases in which the cerebral hemispheres 
were involved failed to cause epilepsy ( Simmonds,”* Strui)pler *®). Two 
cases «)f cerebellar arteriovenous aneurysms involving the cerebellum 
failetl t«i jmuluce convulsions { Lcunenschloss,®* Dand\'), but tumors in 
the cerebellum or the posteri«ir cranial ftissa rarely cause epilepsy, 

(M Motor twtl Sensory Distnrhanccs . — Another important and fre- 
(juent setjuel of the convulsions is a transient sensory or motor i>aralysis. 
'riiis occurred in nearly all of the cases which have been re])orted. Sen- 
sory or motor weakness following a convulsion is strong evidence in 
fav«»r of a tumor of some kind. When the same motor involvement 
occurs rejiealedly with such precisitin <if attack and over a period of so 
many months or years and with little or no permanent progression, an 
arteriovenous aneurysm would apix.‘ar to be the most probable lesion. 
The iKiralysi.s often <locs incrca.se slowly iti these cases, for the volume 
of the vascular network must .slowly increase, especially in later life. 
It will be remembered that the degenerative and proliferative changes 
fcalcificatiou and thrombosis) which occur prcmaturch' in the angioma- 
tous mass must from time to time demand readjustments and always the 
volume of the network of vessels must expand in this process, thereby 
causing increased jiaralysis. 

Sudden hemiplegia or henuanesthesia are the results of hemorrhage, 
which is so jirone to occur at any age, but particularly during advancing 
years. Usually the paralysis di.sapfjcars. in part or whole, the amount of 
recovery depending on the proximity of the aneurysm to the motor or 
sensory tracts. 

( c) Other Focal Signs and Symptoms. — Other focal manifestations 
are at times present. Transient attacks of aphasia occurred in the cases 
of Kanzel and Sterling.®' I-Iomonymous hemianopsia was noted by 

34. Deist, IT.: Ein Fall von Angioma racemosum dcr linken Lobus para- 
cciitralis in seiner klinischcn unci versicherungsrcchtlichen Bedeutung, Ztschr. f. 
d. ges. Xeurol. u. Psychiat. 79:412, 1922, 

35. Laves, VV. ; Ein Fall von Angioma artcriale racemosum des Gehirns, Jahrb. 
f. P.sycliiat. u. Xeurol. 44:55, 1925. 

36. Ranzcl, F. : Zur Kasuistik kombiiiicrter Hirnaffektionen ; ein Fall von 
Rankenangiom des Gcliinis mit tuberculous Meningitis, Wien. Win. Wchnschr, 
22:1214, 1909. 

37. Sterzing, P,: Ein Fall von Angioma arterial racemosum im Gehirn, 
Ccntralbl. f. allg. Pathol, u. path. Anat. 19:278, 1908. 



archives of surgery 

" t r-"-' — ■ 

dia^osis of an intracranial ancnrysn, was nradc „ri„dpa“y ™ ,1™“' 
of the roentgen-ray examination. A scries of calcified shadows covered 
an area roughly circular and about 5 cm. in dianicier; all were beneath 
^ surface of the brain. While most of the shadow; had no unnlijf! 
shape circular or spiral, the shajie of three of this group suggested cal- 
cium deiwsition in the walls of the blood vessels. In fact, such shadows 
could hardly be produced in any other lesion (excepting of course 
calcified blood vessels in tumors). 

In a second case, a linear shadow, 1.5 cm. long, could be seen along 
the anterior horn of the lateral ventricle. This shadow, however, was 
visible only after the ventricle had been filled with air, which affordctl 
an excellent contrast medium for the background. In a third case, a 
circular hole about 1 cm. in diameter, located alongside the mastoid, 
was clearly shown in the roentgen ray. The importance of this roent- 
genographic evidence, however, was minimized because it was readily 
IJalpable, being large enough to admit the tip of the index finger. 

The large middle meningeal grooves (bilateral) commented on in 
the history of the extracranial arteriovenous aneurysm cannot be used 
as positive evidence because a cranial exploration was not made. As 
almost all of the intracranial aneurysms arc located within the brain, 
there is little possibility of any vascular burden being referred to the 
middle meningeal arteries, and therefore the arterial vascular changes 
which are usually sought from this source in roentgenograms of the 
skull will be lacking. The positive roentgen-ray observations in ca-ses 
of arteriovenous aneurysms of the brain will be largely confined to 
the calcified deirosits in the abnonnal vessels of the brain, or perhaps to 
localized areas of erosion. It is. noteworthy that in two of the cases 
reported here, there was a localized erosion of the inner table of the skull, 
but the roentgenograms failed to disclose it. 

VENyRICULOGRAPIIV 

The use of the air contrast medium in the cerebral ventricles is alway.s 
important when the existence or even the character of an intracranial 
lesion is in doubt. Even though arteriovenous aneurysms only occa- 
sionally prodnee signs and symiMoms of intnicninuil ^ 

is one whicli ocaipics inlracrania) space, and llicrcto ^ 

the positive evidence of a deformed vcntncniar system. 

Sin be made of the eaieified deposit rvhid. 
with an air background, but such a condition is of less l 

the deformation of the ventricular system. rlnnctcr of 

In two of the eases in my series in wind, the nmla era! 
the attack was rather uncertain, the ventriculogram sioaei 
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hlockcd the nciueduct of' Sylvius. In the other case, a choked disk had 
heen present for more than ten 3 'cars. After a subtemporal decom- 
j)ressi(tn. the dccom()res.sion wa.s at limes full and light, again soft and 
even sunken. The great variations in pressure may account for the 
l>rescrvation of vision even with .such a long-standing swelling of the 
eyegrounds. 

nipk>pia as a sign of pre.s.sure was reported only twice (Miihsam, 
Dandy). 

{/) Ccrchrol Hemorrhage . — The premature degenerative vascular 
change.s which have heen commented on c.vplain the frequency of cere- 
bral hemorrhage in this group of ca.<es. It is a fairly safe, but not abso- 
lute, rule that when a cerebral hemorrhage occurs during 3 ’outh or 
mkldlc age, i. e., before the time when vascular accidents are to be 
CNpected, there must be an underlying tumor or ancur 3 'sm, cither of 
which will c<tntrihute defective vessels. In the lwent 3 '-two cases col- 
lected fmm the literature, nine ]xiticnts, or 41 per cent, died of cerebral 
hemorrhage (Drysdale,’- Kaiserling.'”' Borchardt,"® Ranzcl,®'' Sim- 
mnnds,”’* .^lemherg,^® .Sterzing,*" \Vichcrn*‘ and Leunenschloss ”). 
(Inly two of the eight ])ntients whose cases are reported herewith had a 
cerebral hemorrhage, one known and the other presumed from the his- 
tory. but both ])ntienls recovered, I'hc [)roljability of death from cere- 
bral hemorrhage from the.se le.sions is also increased because in many 
instances the nest of vessels frequently projects into the lateral ventricle. 
A hemorrhage of smaller size may develop in the tumor or the con- 
tiguous brain tissue and may not induce coma, as in one of the eight 
ca.scs; the hemorrhage seemed certain because of the sudden complete 
hcmi])legia with slow recover)'. Sterzing's case is a remarkable example 
of the cajjricious character <if the defective vessels in the vascular 
network. His |}aticnt, who died of cerebral hemorrhage at the age of 
32, bad suddenly developed hemipl<^ia with disturlxince of speech (pre- 
sumably due to a cerebral hemorrhage) twenty-two years earlier when 
10 years old. -After a slow return of ftuiction, there had been no motor 
cnangc until a 3 'ear and a half Iwjfore d^th, when the same side again 
became jjaralyzed; curiously, Jacksonian convulsions did not develop 
until after this late attack of ijaral 3 'sis. Childbirth was an inciting cause 
of the cerebral hemorrhage in Borebardt’s case. 

38. Drysdalc, J. H. : Report of Case, Pathological Society of London, Lancet, 
1904, p. 96. 

39. Borchardt, M.: Die chirurgische Bedeutung der Gehirnaneurysmen, Beitr. 
z. klin. Chir. 133:429, 1925. 

40. Sternberg, C: Demonstration eiiies Falles von Angioma arteriale race- 
mosum des Gihirns, Verhandl. d. dcntscli. path. Gescllsch. 7-9:308, 1905. 

41. Wichern, H, : Klinische Beitrage zur Kenntnis der Himaneurysmen, 
Deutsche. Ztschr. f. Nervenh. 44:220, 1912. 
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Roentgenologic Evidence.— results of the roentgen-rav cxanii- 
ation were of great imi^rtance in t^vo cases. In one case, a’probablc 
a^osis of an intracranial aneur^^sm was made principallv on the basis 
of the roentgen-ray examination. A series of calcified shadows covered 
an area roughly circular and about 5 cm. in diameter; all were beneath 
the surface of the brain. While most of the shadows had no unusual 
shape, circular or spiral, the shape of three of this group suggested cal- 
cium deposition in the walls of the blood vessels. In fact, such shadows 
could hardly be produced in any other lesion (excepting of course 
calcified blood vessels in tumors). 


In a second case, a’ linear shadow, 1.5 cm. long, could be seen a)ong 
the anterior horn of the lateral ventricle. This shadow, however, was 
visible only after the ventricle had been filled with air, which afforded 
an excellent contrast medium for fhe background. In a third case, a 
circular hole about 1 cm. in diameter, located alongside the mastoid, 
was clearly shown in the roentgen ray. The importance of this roent- 
genographic evidence, however, was minimized because it was readily 
palpable, being large enough to admit the tip of the index finger. 

The large middle meningeal grooves (bilateral) commented on in 
the history of the extracranial arteriovenous aneurysm cannot be used 
as positive evidence because a cranial exploration was not made. As 
almost all of the intracranial aneurysms are located within the brain, 
there is little possibility of any vascular burden being referred to the 
middle meningeal arteries, and therefore the arterial vascular changes 
which are usually sought from this source in roentgenograms of the 
skull will be lacldng. The positive roentgen-ray observations in cases 
of arteriovenous aneurysms of the brain will be largely confined to 
the calcified deposits in the abnormal vessels of the brain, or perhaps to 
localized areas of erosion. It is noteworthy that in hvo of the cases 
reported here, there was a localized erosion of the inner table of the skull, 


but the roentgeiiograms failed to disclose it. 


VENyaiCULOGRAPHY 

The use of the air contrast medium in the cerebral ventricles is always 
important when the existence or even the character of an intracranial 
lesion is in doubt. Even though arteriovenous aneur}'sms only occa- 
sionally produce signs and symptoms of intracranial pressure, the lesion 
is one which occupies intracranial space, and therefore will usually give 
the positive evidence of a deformed ventricular system. Mention need 
not ^ain be made of the calcified deposit which could be observed onI> 
with an air background, but such a condition is of less importance than 

the deformation of the ventricular s}'stem. * _ 

In two of the cases in mv series in which the unilateral charac e 
the rather unee^in. the ventricniegram shorved the cat. re 
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those described in the typical cases, the diagnosis of arteriovenous 
aneurysm should at least always be strongly suspected. 

Moreover, given sharply defined Jacksonian convulsions, appearing 
in youth and continuing into adult life, with a gradually progressive 
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ventricular system to be dislocated to the opposite side. The roent- 
genographic clianges do not, of course, make the diagnosis of an arterio- 
venous aneurysifi ; they only denote a space occupying lesion. In another 
case, the ventriculogram indicated a large defect communicating with a 
lateral ventricle. Since the patient had previously had a history of cere- 
bral hemorrhage, the ventricular hernia was assumed to be due to the 
localized hemorrhage which occurred on that occasion. But this cranial 
defect did not indicate the location of the aneur 3 'sm or tumor which had 
caused the hemorrhage. 

Ventriculography yields much invaluable information in cases of 
epilepsy. It at once separates those lesions which are space-occup)nng. 
It will also detnqnstrate those lesions which are due to loss of brain 
tissue ; also many of the congenital cerebral deformations. Even in cases 
of well defined focal or Jacksonian epilepsy, ventriculography often 
yields most important information prior to a cranial exploration, for 
many lesions are below the cortex and would escape detection by inspec- 
tion or palpation of the brain were the ventriculographic evidence not 
known at the time. 

THE DIAGNOSIS OF ARTERIOVENOUS ANEURYSM OF THE BRAIN 

The signs and symptoms of arteriovenous aneurysms show striking 
uniformity when taken as a whole. The outstanding complaints are: 
(1) Jacksonian convulsions usually followed by (2) a transient motor or 
sensory disturbance, and (3) a gradually progressive and permanent motor 
or sensory paralysis coming on over a period of years and not directly 
depending on convulsions. When to these are added the long time 
element, the data are sufficiently characteristic at least to suggest the diag- 
nosis of an arteriovenous aneuiysm above other lesions affecting the 
brain. The transient paralysis following a convulsion and particularly 
the gradual permanent paralysis (not related to convulsions) makes a 
tumor formation of some kind an almost certain diagnosis. The 
accurately repeated Jacksonian convulsions, involving such a sharpi}' 
restricted part of the rolandic area and particularly when covering a 
period of so many years, should make a true neoplasm very unlikely. 
When the convulsions begin in early life and extend into the adult life, a 
neoplasm can almost be excluded. But when the epilepsy begins in later 
life and the time interval is still short, slowly growing tumors such as 
the meningiomas are important lesions to be differentiated ; likewise they 
may show pressure symptoms late. Venous angiomas must always enter 
into consideration. They too will cause transient motor and sensory 
losses after the Jacksonian seizures, but the permanent motor and sensory 
changes are far less possible, and when thej’ do occur they are less 
progressive than in the arteriovenous \'ariety. With s\-mptoms. such as 
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Not infreqaently a trell defined extracranial arterior-enous aneurr-s.n 
B demonstoble in iMtients who also have the intracranial signs and 
symptoms described for cerebral arteriovenous aneurysms. With such 
symptoms, an intracranial lesion of the same type is to be expected -\n 
intracranial arteriovenous aneurysm was diagnosed in one of the cases 
reported here by this method of reasoning (case 6). 


THE TREATMENT FOR ARTERIOVENOUS ANEURYSMS OF 

THE BRAIN 


Occasionally spontaneous recovery in cases of arteriovenous 
aneurysm .has been reported, but there is little real hope for such a 
successful outcome either in the brain or elsewhere in the body. The 
only way to cure an arteriovenous -aneurysm is to ligate the entering 
artery or to exdse the vascular tumor. But the radical attempt at cure 
is attended by such supreme difficulties and is so exceedingly dangerous 
as to be contraindicated except in certain selected cases. It has never 
seemed fair to make this attempt except on the insistent demand of the 
patient who fully understood all phases of the situation. Moreover, 
there are ways of helping the condition with little if any risk, and this in 
many cases at least seemed more to be recommended than the attempted 
extirpation of the vascular mass. 

As in most cerebrkl lesions, however, each case should be considered 
a law unto itself. There are large aneurysms and small ones; those 
which are mostly arterial, others mainly venous; some are superficial, 
others deep; some are in highly important areas of the brain, others in 
portions largely silent. All of these factors, and finally the patient’s 
wishes in the matter, must be weighed. An aneurysm in the left cerebral 
hemisphere in a right-handed person is surely noli me tangere under all 
conditions. Any attempted cure, even if successful, would almost surely 
result in disturbances of speech or motor power, or of both. Aneurysms 
of the corpus callosal arteries do not offer any greater surgical possi- 


bilities. 

There is more reason to attempt to cure a patient who has arterio- 
venous aneurysms in the right cerebral hemisphere. In most of these 
cases, the arterial connections with the lesions are provided by branches 
of the middle cerebral artery. Should the aneury'sm be postrolandic, the 
arterial connection can be ligated without injury to the motor function. 
In one case, we were able to do this without great difficulty. After 
ligating the arteries supplying the angioma, excision of the vascular bed 
was easy and relatively bloodless. In another case, in which the anterior 
pole of the right temporal lobe was covered with great tortuous and 
distended veins, the anomalous vessel was located and ligated with a s 
ligature It arose from the middle meningeal artery just Ixj'ond its 
origin from the internal carotid; following this the mass of distended 
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In those cases with the less well defined jacksonian convulsions devel- 
oping in adult life and without a slow paral3'sis, one would have little 
reason to suspect an arteriovenous aneurysm ; rather the diagnosis of a 
cerebral tumor would be considered most probable. 

The roentgen-ray evidence, as in one of the cases which I have 
reported, may, unaided be sufficient for diagnosis. The presence of cal- 



Fig. 32. — Group of specimens from the literature. A indicates Campbell and 
Ballance’s case; B, Kaiserling’s case. The arrow at the top of the brain is 
directed to the arterial venous connection which Kaiserling has marked A; the 
extensive thrombosis formation is marked IC. C indicates Deetz’s case showing 
the intracranial extension of the aneurj’sm; D, Deetz’s case, in which the 
aneur}'sm arose from the corpus callosal artery; E, Kaiscrling’s case. This section 
is anterior to the one in B. F is taken from Steinheil’s case in which the outlet of 
the aneurysm was into the vein of Galen. 

cified shadows in circles or whorls, is, I believe, almost pathognomonic 
of vascular degeneration. When taken in conjunction tvith the clinical 
data, the diagnosis should be unequivocal. 




Table 2.— Analysis of the Cases of Arlerioi'enons 


Author 

Date, 

Sex, 

Age 

Duration 

Symp- 

Locatlon toms 

First 

Symptom 

Bergmann** 


Fossa of 
Sylvius and 
paracentral 
fossa 

Paracentral 



1923 

9 

27 






Campbell and 
Ballance** 

1922 

Paracentral 

•• 

Weakness 
. of arm and 
leg; and fits 

Deetz*® 

1902 

9 

36 

Bight side of 
corpus callo- 
sum 

•• 

Convulsion 

Deist** 

. 1922 
d 

Paracentral 

(left) 

12 yr. 

Convulsion 

Drysdalc** 

36 

. 19(M 

9 

26 

Prerolandlc 

(right) 

11 yr. 

Convulsion 

Biselsberg**.... 

. 1913 
d 

Paracentral 

•• 

Convuldon 

Emanuel*® 

29 

. 1998 

Paracentral 

30 yr. 

Headaches 
vrhen a boy 


86 




Ealserling*®- . 

.. 1913 
d 
26 

Most of hemi- 
sphere 

.. 



Eolischer**.. . . 

.. 1997 

cT 

Sylvian fossa 
and frontal 

1 yr. Convulsion 


7 . 

lobe 


Erause* 

.. lOOS 

Paracentral 




46 



Laves** 

... 1923 
9 

Paracentral 
and post- 

12 yr 


U 

rolnndlc 



SIcn or 
Symptom of 

Principal General Focal Eye- 

Symptoms Pressure Symptoms srounds 


Conmlslons; 

paralysis 


Mild dcfircc None 

bemipl^n , 
and ancstlicsln; 
convulsions 

Convulsions; None 

partial hcml- 
ptefila 


Convulsions 


Convulsions; 

Tenkness 


Hcmlplepltt 
end heminn- 
csthcsla; Increased 
rcDcxes; ankle 
clonus 
Left hcml- 
plcela; Jack- 
sonian con- 
vulsions 


Jacksonian Ncea- 
convulsions; tivc 
Baklnskl -1- 


Xone 


Convulsions; 

beadaches 


Headaches Jacksonian 
convulsions 


Convulsions 


Headache; Jacksonian 
large head convulsions 


Convulsions; 
hemiplegia grad- 
ually became 
complete 


None 


Convulsions 
and hemi- 
plegia 


Nega- 

tive 


MOhsam” ®“3on’- 

So 


Diplopia; 

headache 


Diplopia; 

headache 


Large 

tortuous 

v««stl*; 

slight 

choktag 


Hansel**. 


1900 

tT 

3G 


Left occipl- 2 yr. 
tal lobe 


Convulsion 


Convulsions; 

some motor 
and speech 
disturbance 


None 


Jacksonian 

convulsion 

iMinlplegla- 

aphasia 
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venous trunks collapsed. This patient has remained well for three and 
one-half years; he has had only one convulsion (a year ago), whereas 
before the fistula was closed, convulsions occurred every month. There 
is no assurance of a permanent cure of epilepsy even after the cure of 
an aneurysm. The cerebral defect will always remain at the site of the 
old lesion and any lesion of the cerebral hemisphere will ahvays remain 
a potential source of convulsions. However, the convulsions will be far 
less and more easily controlled with an inactive lesion than with one 
which is active. 

A third and only other atten^pt at radical cure by extirpation of the 
angioma was our first experience with a lesion of this type. Thinking 
at the time that it was a venous angioma, its extirpation after careful 
ligature of all the superfidal veins seemed possible. The huge rolandic 
vein was doubly ligated and divided both above and below the great mass 
of cortical vessels and another vein was being sutured when suddenly the 
rolandic vein burst, not at the site of the sutures, but midway between 
them. It was then evident that the bleeding was arterial, and that with 
the venous outlets closed, the arterial pressure within the veins was 
greater than the wall of the vein would stand. The vein ruptured at 
the localized swelling shown in the drawing, i. e., at the weakest point 
and probably where the main force of the artery is projected. This 
accident demonstrated the danger of closing the veins while the arteries 
supplying the aneurysm are intact. Wlien the second ligature was being 
placed on the big rolandic vein it was observed that considerable force 
was necessary to tighten the knot and occlude the vessel, and it could 
be done only step by step ; the arterial pressure was responsible for this 
difficulty. Krause’s case is interesting in this connection. He, too, 
ligated some veins on the surface, thinking the angioma to be venous 
and hoping to benefit the patient by reducing the number of veins. 
Fortunately nothing happened. He commented on the fact that the 
ligated veins "ballooned out like sausages.” Bergmann’s patient died 
from uncontrollable bleeding; assuming a localized bulge in the dura to 
be a cyst, a blind puncture into it was followed b\'" terrific bleeding. 
Laves’ patient also was lost on account of hemorrhage following an 
exploratory puncture of the brain. Once there is a tear in such a nest 
of vessels, their defective walls almost preclude all chance of controlling 
the bleeding. Each attempt at hemostasis is promptly followed by more 
bleeding. 

In two of my cases in which the aneurysm was located in the rolandic 
and prerolandic areas, palliative treatment was tried, the internal canrtid 
artery being ligated in the neck. In one case there have been no attacks. 

42. Bergmann: Zur Kasuistik opcrativer Hinitumoren. Arch. f. klin. Chir.. 
65:935. 
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Date, 


Duration 

First 

Symptom 


Sign or 
Symptom ot 



Author 

Sex, 

Age 

Location 

Symp- 

toms 

Principal 

Symptoms 

General 

Pressure 

Focal 

Symptoms 

Eye- 

grounds 

SiuimoDds^i 

10(6 

Bight occipi- 

6yr. 

Headaches 

Headaches, 

Headache 

Hemiplegia 



9 

tal lobe 



hemiplegia, loss 




U 




of touch and 
smell; blindness 









right eye 




AstirazatiirolT ». 

1011 

Bight fronto- 


Convulsion 

Convulsions; 

Headache 

iTncksonInn 



9 

parietal 



headache 

connilsions 



Simmonds” 

.. 10(6 

Bight parlc- 
t£ 

Since 

Convulsion 

Convulsions 



cT 

55 

childhood 



St;plnhpf1i0.. 


Bight Irontal 

Since 

childhood 

Convulsion 

Convulsions; 




progressive' 

hemianopsia inal 


40 




paralysis and 

(left homonymous); 






hemianopsia (left 

Jacksonian 



Temporal 

lobe 



homonymous) 

convulsions 

OkCAUWCl g ■ 

9 

23 




Xo Hemiplegia; 

Jacksonian 

conviflslons 


Sterzing*^ 

.. 1008 
d 

32 

Corpus stri- 
atum 

22 yr. 

TTcnkness 
right leg 

Hemiplegia; 
convulsions; 
some motor 





aphasia 



Struppler^®... - 

. , 1900 Paracentral 

9 

48 

Feu' 

hours 

Coma 

None until 
coxnn 

Bo 

Bone 




Hemipirgio 


Bo 

Hemiplegia; 

Jacksonian 

convulsions 


d 

82 





Leuneuschloss^r 

1014 

d 

24 

Bight cere- 13 yr- 

bellar lobe 

Headache 

Hendaclic; 

hemiplegia; 

deafness; 

dizziness 

Headache 

Deafness 

Thcrmnn“».. , . . . 

1010 

Parietal lobe 






Znojemsky®* — Mio 


Parietal lobe 
also cere- 
bellum 


A7icurysm Collected front the Literature 


Head- 

ache. 

General Pocal 
Hpllepsy SpDepsy 

How 

Diagnosed 

Diagnosis 
Before 
Opera- 
tion or 
Autopsy 

Operation 

and 

Obser- 

vations 

Conditions at 
Necropsy 

Semarks 




Operation 
and ne- 
cropsy 

Brain 

tumor 

Large 
veins on 
surface of 
brain 

Walnut sized knot of 
vessels beneath sur- 
face of .brain, very 
tortuous 

SM-tinn shows nnenr- 

Puncture of dura blindly; 
terrific hemorrhage, imcon- 
trollablc, death; diagnosed 
cavernous angioma 

Old specimen from Virchow 
Krankenhaus: patient diol 
in difldblrth of ccFchral 
hemorrhage 

Hemiplegia and hemian- 
esthesia were gradually 
progressive 


right 





ysm 

After 

attocks 

■■ 

+ 

left toes 

Operation 

Tumor 

Large 
veins on 
surface 

Living 


+ Xecnopsr 
left-slded 


None 

.. + 
right leg 

Necropsy 

• • 

. + 
arm and 
leg 

Necropsy 

+ 

• • -H 

right side 

Operation 

In 

youth 

only 

.. -t- 

arm 

Necropsy 


• * + 

Necropsy 


Nona 

-b 

right 
corner of 
mouth 

Necropsy 


+ 

Operation 


• . -b 

Operation 


left hand 

and 

autopsy 

-1- 


Necropsy 


Blgbt corpus callosal Verr estcnstrc tumor covers 
arteiT large and tor- mesial surlacc of lioinl- 

tuous; mass of ves- sphere, fills frontal lobe 

sels plunged Into and reaches anterior horn 
frontal lobe of ventricle and conius 

striatum 


Large veins on surface 


Large 
veins on 
surface 


Anterior cerehral ar- 
tery very large; hem- 
orrhage 


Large surface veins; 
mass of vessels In 
brain grotrn Into 
ventricle and choroid 
plexus, also ex- 
tended to pulvinar 

Large surface veins 


Large veins on surface 
and mass of vessels 
In frontal lobe 


Large veins on surface ob- 
scured brain; patient grad- 
ually became mote and 
more deeply comatose fol- 
lowing fit 10 days previ- 
ously 

Very large veins on surf a tv 
of brain; llgatctl; condi- 
tion of patient unchanged 

Patient died in coniii follow- 
ing nttneic: was rxciisoil 
from military duty because 
of headache; vessels arc 
thrombosed and calcifleil; 
no mention of cerebral 
hemorrhage 

jCo hlstoiy, except that pa- 
tient died in coma follow- 
ing attnclc; this is a mnark- 
able specimen, the veins and 
arteries being sharply de- 
fined: the coimnunicatlon 
Is shown in the photograph; 
the venous channels arc 
larger than in any other 
case; there is no network 
of vessels 

No change in big arteries at 
base of brain; Virchow said 
it was an unusual case 


Ligated Large surface veins; 
some veins, smaller vessels of the 
says they tumor Just reach 
then dis- the surface 
tended like 
sausages 

Large Cluster of entwined 
veins on vessels below surface 
surface: no 
thrill or 
pulsation 


Typical surface appearano* 
of lesion shonn In painting 


No Iocs of conscloucnecc in 
earlier attacks: at opera- 
tion brain was pnnctiire<l, 
severe bleeding whicli wa« 
iincontrollntde: brancli of 
middle certbral artery («in- 
talning small caceuintn] 
aneurysm) enters va^mlar 
tumor which protnid'-c Into 
ventriefc; liyiiertropiiy of 
iiciirt . . 

A |>ulsatlng tumor near ininn 
connect c with veiac o! lira::- 
and longitudinal 
al-o pui-ating exopiitiial- 
moc; vtry large v*-;::- irs 
dura and in the brai:: an-: 
on Its surfare 

Patient diol of l-.-!:.firT!:rce 
In an attack 


+ Necropsy 
right arm 


Small knot of ves<el« 
in left occipital lobe 
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either petit or grand nial, since the operation (two and one-half years). 
The other patient, roentgenograms of whom showed the extensive 
calcification, was free from attacks for a year, after which they gradually 
recurred with practical!)' the same intensit}' and frequency as before 
operation. The latter patient being 47 years old, the carotid was at first 
only partially ligated with a band of rubber tissue. Three weeks later, it 
was found to be totally occluded by a thrombus. 

A subtemporal decompression and excision of the extracranial 
aneurysm (of the scalp) were performed in another patient who was 
losing vision because of a long-standing papilledema. His headache was 
relieved, but his condition otherwise was unchanged. 

The cerebellar arteriovenous aneur}'sm had caused hydrocephalus. 
This was relieved by the bilateral cerebellar decompression which, as a 
routine, remains after a cerebellar exploration. The decompression 
remained full and tight until it was later relieved by ligation of the left 
vertebral artery in the neck. At operation, the intracranial portion of this 
artery was found to be several times its natural size, and this led to the 
belief that it supplied the arterial connection to the aneurj'sm. When 
exposed between the atlas and occipital bone, this great tortuous artery 
was just as large as the intracranial portion. Following its ligation, the 
bulging decompression subsided and has remained in this condition. 
Although his neurologic s)'mptoms have greatly improved or disap- 
peared, the mental disturbance still persists. 

Ligation of the vessels, whether internal carotid or vertebral, can 
hardly result in a cure. Only an amelioration of the signs and symptoms 
can be expected, and doubtless even this cannot be permanent. The 
precedent for such ligations is the treatment of arteriovenous aneurysms 
between the carotid artery and the cavernous sinus. Following ligation 
of the internal carotid for these traumatic aneurysms, there is much 
improvement but usually not a cure. The collateral suppl}' through the 
circle of Willis militates against a cure; it is fair to presume the same 
free collateral circulation will preclude the cure of the intracranial 
aneurysms. 

SU&IMARV AND CONCLUSIONS 

1. Eight arteriovenous aneun'sms of the brain are presented from a 
series of tumors of the brain. Twenty-t\vo additional cases have been 
assembled from the literature. 

2 ArterioA’enous aneurysms of the brain are similar to those of the 
vascular system elsewhere in the body, except that traumatic arterio- 
venous aneurysms probably do not occur in the brain, because large 
arterial and venous trunks are not in apposition. 

3. There are two other t>T3es of arteriovenous aneurysms, one in 
which an anomalous vessel of congenital origin establishes a direct end 
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Diagnosis 

Befoie Operation 
Opera* and 

Head* General Focal How tionor Obser* Conditions at 

acbe Epilepsy Epilepsy Diagnosed Autopsy vatlons Eecropsy Remarks 

+ None None Necropsy Enormous dilated Tliere was much thrombosis 

veins on surlace; with some evidence of 
tumor of entwined canalization: patient died 

blood channels of cerebral licmorrhngc 

from attack 

+ .. + Necropsy Mass of vessels size of Patient died of meningitis; 

leftside dove’s egg below calcareous deposits in ves* 

cortex right fionto* scls of vascular iiioss 
parietal region; en- 
larged veins on sur- 
face of brain 

• ■ Necropsy Specimen shows a It is open to question n'hcther 

large coiled vessel this case is an arteriovenous 
with many pouching aneurysm; patient died of 
dilatations; no note cerebral hemorrhage (into 
about veins ventricle) 


+ Epilepsy; l«ft corpus ealioeol Patleat iinally became de- 
left face Inter, an- artery larm and tor- mented; vessels of tumor 

eurysm tuous; right vena did not seem cither like 

galeni porva and normal veins or arteries; 

vena galeni magna they vren large enmnous 
large; tumor con- spaces 

sists of moss of 
entwined vessels 

Necropsy Mass of blood vessels Dran'Ing of vessels suggests 

in brain arteriovenous aneurysm 


-i- Necropsy 
right 


None None None Necropsy 


+ 

right side 


•f No No Necropsy 
localized 
in back 


Necropsy 


Necropsy 


hlass of vessels deep Tflien 10 years old patient 
In corpus strlotum; suddenly developed weak- 
extends into ventri- ness of rigiit arm and leg; 
cle at caudate nu- then improved and became 
ciens; connection stationary for SO years 

with choroid plexus when pnrnlj’zcd nneir; VA 

vessels years Inter coma and death 

from cerebral hemorriiagc 

Mass of small vessels Patient died of cerebral Item- 
In rolandic area orrhnge; this lesion may or 

may not he an nrterla- 
venous nnciirysiii; it has 
been described os n cavern- 
ous angioma 

Hemorrhage into ven- When 10 years old lieiiilplegln 
trlcle and subarneb- suddenly developed on the 
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. LIGATION OF ARTERY AND CONCOMITANT VEIN- 
IN OPERATIONS ON THE LARGE 
BLOOD VESSELS * 

FRANK V. THEIS, M.D. 

Resident Surgeon of the Presbj-terian Hospital of Chicago 

CHICAGO * 

The beneficial effect of occluding the satellite vein when ligation 
of the artery becomes necessary in surgical conditions of the large blood 
vessels was first recognized by Sir Arthur Makins » in 1913. He fbund 
a lessened incidence of gangrene in following this procedure. Never- 
theless, during the early part of the World War, careful preservation 
of the vein was practiced, but the occurrence of gangrene following 
ligation of the large artery to the extremity brought forth interesting 
and valuable investigations on the subject. Drummond = showed experi- 
mentally that ligation of both artery and vein produced "little or no 
change” in the condition of the loops of cat’s intestines. When the 
artery alone was occluded, definite gangrene of the segment usually 
appeared within ' twenty-four hours. Van Kend ® attributed the 
decreased frequency of gangrene to a "slight rise in the blood pressure 
in the limb following application of a ligature to a vein, after previous 
ligature of the artery.” He demonstrated this rise in blood pressure 
with plethysmographic tracings. Witli these and other reports presented 
at the Inter-Allied Conference of Surgeons in Paris, in May, 1917, ■* 
the conclusion was reached that "facts tend to prove, even when the 
wound is limited to the artery, that simultaneous occlusion of the 
unwounded vein is to be recommended.” The subsequent application 
of this procedure in the surgical treatment of arteriovenous aneurysms 
still further strengthens its clinical advantages.® 

Application of the principle of ligation of the vein in cases of siion- 
taneous gangrene seems to be gaining increased favor as evidenced by 
its more frequent mention in the surgical literature. In most of these 

♦From the Surgical Department of the Presbyterian Hospital and Rush 
Medical College of the University of Chicago. 

1. Makins. Sir Arthur: Gunshot Injuries to the Blood Vessels, New \ork. 
William Woods & Company, 1919. 

2. Drummond, Hamilton, quoted by Halstcd: Johns Hopkins Hosp. Rep. 21: 

1, 1921; quoted by Makins (footnote 1). 

3. Van Kend, M., quoted by Makins (footnote 11. 

4. Compt. rend. Conf. Chir. Interall., Paris, 1917. 

5. Halstcd. W. S.. Johns Hopkins Hosp. Rep. 21:1, 1921. Holman. F-niil: 
Ann. Siirg. 85:173 (Feb.) 1927. 
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to end communication between an artery and vein ; the other in which 
a network of vessels — a so-called angioma — ^is interposed between an 
artery and one or sewral veins. A capillar^' bed between the artery and 
vein is lacking in both types; the arterial blood, therefore, passes directly 
into the veins. 

4. Both types are evident by the large, full and tortuous veins on the 
surface of the brain. A thrill can usually be felt, and red arterial blood 
can be seen pumping into the dark venous blood. The obser\'ations 
make the diagnosis absolute. There are usually congenital abnonnalities 
of the surface veins of the brain. 

5. Arteriovenous aneurysms of the brain are not uncommon, occur- 
ring in about 1 per cent of a series of tumors of the brain. They are 
located in almost every part of the brain. 

6 . The symptoms are fairty uniform and characteristic. Jacksonian 
convulsions, followed by transient loss of sensation or motor power in 
the part affected by the convulsion, and a gradually progressive sensory 
or motor hemiplegia on the affected side, are the symptoms common to 
most of the aneuiy'sms affecting the cerebral hemispheres. The symi>- 
toms are usually of many years* duration, often b^inning in childhood 
and continuing into adult life ; again, they frequently do not begin until 
after the thirtieth or fortieth 3 'ear. 

7. General pressure symptoms, like those of a tumor of the brain, do 
occur, but in a minority of cases. 

8 . Cerebral hemorrhages occurred in about 40 per cent of the cases. 
It is the principal cause of death. 

9. Changes shown by the roentgen ray are at times helpful in making 
a diagnosis and occasionally are pathognomic. Ventriculography helps 
to determine the existence of a space-occupying lesion. 

10. The treatment is of two tj'pes: (1) ligation of the entering 
arteries, with or without extirpation of the mass of vessels — so-called 
angioma; ( 2 ) ligation of the internal carotid arterj’ (for cerebral 
aneurysm) or of the vertebral arteiy^ (for cerebellar aneur\’sm). Occa- 
sionally, a subtemporal or cerebellar decompression (depending on the 
location of the aneurj'sm) may be indicated. 

Radical ligations or extirpations alone are curative, but are e.xcced- 
ingly dangerous to life and function and indicated in the minority' of 
cases, when the aneurysm is posterior to the motor tracts. 
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“I'®'*'”® ">‘■'<1. two methods were used to 

5tudy the colhtol arcuhtory bed which develops when tl,e main arterhd 
supply of the limb is interfered with. 


1. Roentgen-ray visualization of the vascular bed in: 

(a) Amputated lower extremities in which Uie vessels were pathologic.' 

(b) The study of the lower limbs of e.xperimental animals following 

ligation of the artery alone on the one side as compared to the 
ligaUon of the artery and vein on the other side. This study was 
made on different animals over various periods of time up to 
three months after the operations. 

(c) The effect on the visualization of the collateral circulation by vary: 

ing the pressure of the injection of the opaque emulsion into the 
diseased vessels of the amputated limbs on the one hand, and the 
normal vessels of the animals, on the other. 

2. Determinations of the volume of blood flow were made o\'er various periods 

of time on the surviving experimental animal. The determinations were 
made from the distal open end of the ligated femoral artery below the 
profunda with and without simultaneous ligation of the vein. 


ROENTGEN-RAY VISUALIZATION OF THE CIRCULATORY BED 

Blood Vessels in Amputated Legs. — ^Roentgen-ray visualization of 
the circulatory bed was first used by Drummond “ in his original work 
on ligation of the arteries and the veins. Meleney and Miller, “ in stud}’- 
ing the collateral vascularity in amputated limbs for gangrene, were the 
first to publish its value, in a most comprehensive article. Lewis and 
Reichert also published a similar investigation with the use of bismuth 
oxychloride and acacia emulsion as the material for injection instead of 
the previously used barium. In my experiments I find that the bismuth 
emulsion as recommended by Hill“ gives the most perfect roent- 
genograms of the arterial tree and collaterals wthout diffusing into the 
surrounding tissues as is seen when sodium iodide solution is used. On 
the other hand, barium does not throw so dense a shadow as metallic 
mercury, and both of these are too coarse to fill the finer arterioles. 

The outstanding roen^enograms of ten amputated limbs that I have 
studied are taken in two cases of thrombo-angiitis obliterans. The 
clinical histories in both cases were almost identical. In the one case, 
the patient was 50 years of age and of German descent. He had had 
symptoms of intermittent claudication, pain in the calf of the leg Jind 
discoloration and numbness of the right foot almost continuously for 
five years. The other patient was 48 years of age, a Russian Jew wlio 
had had similar symptoms for only t^vo years. In both there 
plete absence of pulsation in the dorsalis pedis, posterior 
popliteal arteries. Even the results of the intracuticular salt solutio 


14 . Meleney and Miller (footnote 9, sixth reference), 
is! Lewis and Reichert (footnote 9. s«-cnth reference), 
irt Hill ffootnote 9. eighth reference). 
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cases, however, there has been a previous gradual occlusion of the main 
artery to the extremity. In 1913, Oppel ® was the first to report improve- 
ment following ligation of the popliteal vein in six cases of threatened 
senile gangrene of the foot. He attributed the encouraging results to 
the retardation of the venous return flow and the consequent rise in the 
blood pressure of the limb. Stradin ^ also employed ligation of the vein 
in cases of spontaneous gangrene, reporting good results, but he com- 
bined it with sympathectomy. Mc^^^orter® recently presented before 
his clinic at the Presbyterian Hospital, three cases of thrombo-angiitis 
obliterans with ligation of the femoral vein. Two of the patients had 
subsequent amputations, although the third showed encouraging improve- 
ment over a period of five months. As a result of experiments on 
animals. Brooks,® Holman and Pease have corroborative evidence 
for employing simultaneous ligation of the vein when the artery is 
occluded. 

In reviewing the literature, however, I found that the final results of 
McNealy,^® Thurston and others, who employed ligation of the femoral 
vein in cases of spontaneous gangrene, were discouraging. While the 
value of occluding the venous return flow may not be overestimated 
when sudden obstruction of the artery occurs, its further use in con- 
ditions of chronic occluding diseased processes in the arteries is of 
doubtful value. 

6. Oppel: Zentralbl. f. Chir. 31:1241, 1913. 

7. Stradin, P.: Deutsche Ztschr. f. Qiir. 194:289 (Jan.) 1926. 

8. McWhorter, Colder, L.: Personal observation and communication. 

9. Brooks, Barney, and Martin, Kirley: Simultaneous Ligation of the Vein 
and Artery, J. A. M. A. 80:1678 Uune 9) 1923. Holman, Emil and Edwards. 
Muriel, New Principle in Surgerj' of Large Vessel ; Ligation of Vein Proximal 
to Site of Ligation of Artery, J. A. M. A, 80:909 (March 19) 1927, Pease, 
Herman: Ann. Surg. 86:850 (Dec.) 1927. McNealy: Surg. Gyncc. Obst. 40: 
45 (Jan.) 1925. Thurston, J. A.: Bull. U. S. Vet. Bur. Med. 1:1 (Dec.) 1925. 
Meleney and Miller: Ann. Surg. 81:976, 1925. Lewis and Reichert; Collateral 
Circulation in Thrombo-Angiitis Obliterans; Indication for Ligation of Femoral 
Artery First Distal to Profunda, J. A. M. A. 87:302 (July 31) 1926. Hill, E. E. : 
Bull. Johns Hopkins Hosp. 35:318, 1924. Halstead (footnote 5. first reference). 
Holman (footnote 5, second reference). Sehrt, E. : Med klin. 12:1338, 1916. 
Stem and Cohen: Intracutancous Salt Solution Wheal Test; Its Value in Dis- 
turbances of Circulation in Extremities, J. A. M. A. 87:135a (Oct. 2 j) 192(». 
Brooks and Jostes : Clinical Study of Diseases of the Circulation of the Extremi- 
ties: Description of a New Method of Examination, .Arch. Surg. 9:4S5 (Xov.; 
1924. 

10. Holman (footnote 9, second reference). 

11. Pease (footnote 9, third reference). 

12. McNealy (footnote 9. fourth reference). 

13. Thurston (footnote 9. fifth reference). 
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Fig. 1. — Roentgen-ray visualization of the vascular bed in leg amputated for 
thrombo-angiitis obliterans. Note the extensive collateral vascular bed with 
almost complete occlusion of the main arteries. 
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test” were exactly similar, indicating the same degree of apixirent 
circulatory deficiency — ^the wheals disappearing within from five seconds 
on the great toe to one hour plus on the thigh. In the first case, amputa- 
tion was performed because of rapidly spreading gangrene with infec- 
tion; in the second, because of the extreme unremitting pain in the calf 
of. the leg, but no gangrene. Microscopic and macroscopic examination 
of the arteries confirmed the diagnosis and showed almost the same 
degree of involvement. After injection of the popliteal artery in each 
case, roentgen-ray visualization revealed an extensive collateral vascular 
bed to account for the absence of gangrene in the one case (fig. 1), while 
in ' the other, with a much longer duration of the symptoms, an almost 
complete absence of the collateral vessels was found, 'i'his suggested the 
probability that there might be some controllable factors which could 
increase the formation of collateral vessels in cases of this kind. 

Vascular Bed in Experimental Animals After Ligation of the Super- 
ficiaT Femoral Artery, With and Without Simultaneous Occlusion of the 
Common Iliac Vein. — ^Ten experiments on animal were carried out to 
determine the effect on the collateral circulatory bed of ligating the 
proximal satellite vein with the artery as compared to the ligation of 
the artery alone. The superficial femoral artery was ligated just below 
the profunda femoris on both sides, but in addition, the common iliac 
vein was simultaneously ligated on the right side. The animals were 
killed at various periods, from immediately after to three months after 
operation. The abdominal aorta was then injected with the bismuth 
oxychloride emulsion under a pressure of 125 mm. of mercury. 
Roentgen-ray visualization immediately after the operation showed the 
collateral vascular bed to be best where both the artery and the vein 
were ligated (fig, 2). In three weeks, however, the vascular bed was 
more developed where the artery alone was occluded, as compared to 
the opposite side where the common iliac vein was occluded simiii- 
taneously with the artery (figs. 3 and 4), 

Vascular Bed During Variation in the Pressure of the Injections. 
The much discussed influence of elevating the blood pressure in certain 
cases of circulatory deficiency due to peripheral arterial disease suggesu'd 
the study of the vascular bed with variation in the pressure of injectinn 
of the extremities. Amputated limbs were first injected with a 
manometer pressure of around 150 mtn. of mercury, the jxiiient s 
own blood pressure (fig. 5). Roentgenograms were then taken and 
the limbs reinjected with double the pressure (300 mm. of mercury) 
(fig. 6). Only the faintest improvement in the finer arterioles c«iuld be 
detected even with such a marked increase in pressure. Further increaM* 
of pressure, however, improved the bed considerably. This jirnli'ilily 


\7. Stern and Cohen (footnote 9. ninth reference). 
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Fig. 2. — Rocntgcn-ray visiializalfon with injection of the ahtioniinal aort.i mnit r 
a pressure of 125 mm. of mercury immediately after operation. The collate.-al 
\’ascular lied is seen to be more developed where the artery and cononnitant viii: 
have been simultaneously ligated (left side of picture!. 
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accounte for some of the exceUent roentgenograms that are frequently 
seen when an accurate check is not made to detennine the pressure back 
o the injection. In order to eliminate the postmortem changes as much 
as possible, the limbs were studied immediately after amputation. 

Considering the sUght rise in blood pressure and the clinical advantage 
of simultaneous ligation of the satellite vein with the artery, the effect of 
moderate variations in the pressure of the injected material on the nonnal 
vessels of experimental animals was next studied. In order to bring out 
the collateral vascular bed of the nonpathologic arterial tree, the super- 
ficial femoral artery on both sides was occluded. The animal was killed, 
and the abdominal aorta was injected with the opaque mass under a 
pressure of 100 mm, and 150 mm. of mercury, and roentgenograms were 
made after each injection. In contrast to the slight improvement seen 
when the vessels were pathologic, the normal vessels showed marked 
improvement of the collateral bed when the pressure of the injection was 
increased. No doubt this difference was due to the fact that the 
elasticity of the artery is lost in the diseased vessel. 

Determinations of the Volume of Blood Flow With and Without 
Ligation of the Concomitant Vein . — ^The temporary immediate improve- 
ment of the collateral circulatory bed with concomitant ligation of the 
vein as was seen in the roentgen-ray visualizations suggested the 
advisability of determining the volume of blood flow over a period of 
weeks in surviving experimental animals. This was next studied on 
dogs at twenty operations. 

EXPERIMENTAL WORK 

Large male dogs were used. Under a light ether anesthesia, the right super- 
ficial femoral artery was isolated. After a temporary distal ligature was applied, 
a citrated 18 gage transfusion cannula was inserted proximally into the artery. 
The normal flow averaged about 240 cc per minute. The flow in each case was 
obtained for from five to ten seconds, and the minute determination calculated 
therefrom. When the cannula was removed a ligature was applied proximal to 
the opening in the artery, and the cannula was reinserted distally. Through an 
incision over the lower right rectus muscle, a previously introduced ligsiture 
around the common iliac vein was tied. The immediate flow per minute from 
the distal end of the ligated artery was 48 cc.; in ten minutes it was the same, in 
thirty minutes, 51 cc., and in one hour, 54 cc. Three weeks later, the same pro- 
cedure was followed on the left femoral arteiy, but without occlusion of the 
common iliac vein. The normal proximal flow was found to be the same as on 
the right side. From the distal end of the ligated artery, the flow immediately 
following the ligation was 39 cc., increasing to 42 cc. in ten minutes, 48 cc. in 
thirty minutes, and-54'cc. in one hour. At the same operation, the distal end ot 
the ligated right femoral artery of the previous operation was again isolated 
and cannulized. The flow was found to be 96 cc. per minute, having mcreascc 
from 54 cc. during the three week interval. The distal end of the left femora 
artery was rccannulized at a subsequent operation three weeks later, and wa. 
found to have increased from 54 to 136 cc. per minute. All the 
ing the depth of the ether anesthesia were kept as constant as possible. i o 
than 50 cc. of blood was withdrawn at one operation. 
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Fig. 6, — Same limb as in figure 5 with reinjection under a pressure of 300 inm. 
of mercury. Note that even with double the pressure onl3' the fainte.st improve- 
ment in the collateral vascular bed can be detected. 
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Fig. S. — ^Amputated limb with the injection of the op.iqHe mass under a pre*-sijre 
of 150 mm. of mercury. 
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Restt/fs.-Jmmediate transitory increase in flow from the distal end of the 
l^ted femoral artery was obtained where the proximal concomitant vein was 
simultaneously occluded. 

In the experiments in which the artery alone was ligated, this temporarv 
increase was overcome and exceeded within one hour in all the animals. Moril- 
over, when the artery alone was ligated, in one of the animals the normal flow 
as previously determined from the proximal end of the ligated artery returned 
within six weeks (fig. 7). 


Determination of Blood V olume Flow in Cubic Cenlitnclers on Dogs * 
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•The left superficial lemoral artery was Hgoted atone while on the right *** 
lilac vein waa Elmultaneoasly ligated with the artery. The normal flow was ubtaftu^ hr 
canOTltog the proximal end oi the ligated artery, and the other ^cre road® 

from the distal flow was obtained for from flyo to ten seconds and the mtante 

volume determinations calculated Irotn the amounts obtained. 


Pulsation in the distal part of the artery returned somewhat more slotviy but 
to a final greater volume when the vein was left patent. This is in accord with 
the determinations of the blood flow shown in the table. ^ ^ 

Atrophy, disability or gangrene did not develop following ligation of the 
superficial femoral artery, irrespective of the patency of the vein. In most cases, 
the circulation was decreased to below 10 per cent of normal. 


COMMENT 

The slight increase in the residuary arterial pressure after ligation of 
the artery and concomitant v«n, as found by Van Kend, Brooks. 
Holman and Pease, must be a deciding factor in the immediate transi- 
tor)' improvement in the blood flow when the blood vessels are normal. 


Fir. 7. — ^The left suiicriicial femoral artery was ligatcil alone. .After previ-.n- 
ininatioii of the normal volume flow from the proximal end of the artery. >>i\ wn-l.' I; 
at subsequent operation, exactly the same flow was obtained di-tal to the lieatnre. N 
iti the roentRcii-ray visualization the extensive development of the c< 'Hater.-*.! !•:<! v. 
practically ecpials that on the right side where the circulation h.ad net hw-n tli^tnr'*; ! 
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With the gradual occlusion of the arterial tree that has already taken 
place in cases of threatened gangrene of the extremities from arterial 
disease, less benefit would be derived from the initial improvement fol- 
lowing proximal ligation of the satellite vein. In these cases, the col- 
lateral vessels have had an opportunity to develop during the time that 
the main artery had become occluded. It is then probable that the ordi- 
nary course of events are insufficient to open the potential collaterals. 
The principle of ligation of a proximal satellite vein is neither applicable 
nor warranted as a surgical procedure in cases of spontaneous gangrene 
resulting from arteriosclerosis or thrombo-angiitis obliterans. 

When the final maximum increase in the collateral vascular bed 
rather than immediate improvement is necessary, as in cases of thrombo- 
angiitis obliterans and other forms of threatened gangrene, ligation of 
the artery alone is to be recommended. Both on experimental grounds 
and clinically, as advocated by Lewis and Reichert,^® this procedure is 
most likely to give the best results. 

CONCLUSIONS 

The results of the determinations of the volume of flow and the 
study of the injected collateral vascular bed in experimental animals 
show that the final increase in collateral vessels is far better when the 
vein is patent. 

With sudden occlusion of a large artery, as in embolism or injury 
to the vessel, the immediate improvement in the collateral bed due to 
ligation of the concomitant vein is needed to maintain the vitality of 
the limb. 

"V^^en a certain amount of collateral vessels have had an opi»r- 
tunity to develop, as in threatened spontaneous gangrene, surgical 
procedures on the main vessels of the extremities should be limited to 

the artery alone. 
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Contrary to the results reported by Holman, Brooks and others, my 
experiments show that the increased volume of flow with the artery anil 
the proximal main vein ligated is only slight and transitory. After the 
initial improvement, there is .a retardation of the volume of flow in 
the subsequent determinations as compared to the increase occurring 
on the side where the artery alone is ocduded. 

During the World War, ligation of the artery alone for aneurysm 
of the femoral artery in surgical procedures was followed by gangrene 
in more than SO per cent of the cases. In experiments on dogs and rah- 
hits, Brooks report^ the occurrence of gangrene in 71.5 jxjr cent t»f 
the animals in which the artery alone was occluded and in 33.3 per cent in 
which both the artery and the satellite vein were ligated. In lioth 
instances, the femoral artery was ligated at the same level. Schri 
reported 20 and 9 per cent of gangrene respectively, with ligation of tin* 
femoral artery, and with stimultaneous ligation of the femoral arurv and 
vein. Irrespective of the site of the occlusion of the femoral .iriiTy. 
gangrene occurred less frequently when both artery and vein wen* 
occluded. Clinically, one sees gangrene develop following embolism of 
the popliteal artery, but not necessarily when the arterial occlusion i** 
more gradual as in many cases of arteriosclerosis and thrombo-angiiti" 
obliterans. Although in my series of experiments on clog, :iin»phy c»r 
gangrene failed to develop with occlusion of the superficial femoral 
artery below the profunda with or without simultaneous ligation i»f tiu* 
common iliac vein, the ability of the collateral I’ascular bed to Jevelo)* 
sufficiently rapidly is of more importance as a cause of gangrene tlian 
the point of occlusion of the artery. 

The practice of ligation of the arteiy and the concomitant ■•un ".i 
traumatic surgical procedures, espedally in the treatment 
with arteriovenous aneurysm, is recognized to be of great clinierd \:u’u 
Experimentally, it has been impossible to confirm the enormou-' iinproi' ■ 
nient with ligation of the artery and the proximal vein as f •nn ; 1 > 
Holman.“ The difference in the results may be due to the fact t!i ti b;** 
work was done on rabbits over a short period of lime and witfi tb'- U'c 
of a noncoagulant in the blood. However, roentgen-ray visnalizati'*n 
soon after the operation showed the most marked development of the 
vascular bed where the vein had been simultaneously occluded i fig. 2 1 . 
Singularly enough, this immediate temporary benefit following ‘■imul- 
taneous occlusion of the satellite vein in cases of sudden arterial olistruc- 
tion may be the deciding factor in maintaining the vitality of the limb, 
the absence of which predisposes to the frequent occurrence of gangrene. 


18. Brooks (footnote 9, first reference). 

19. Sehrt (footnote 9, tenth reference). 
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are multiple m ^ kidneys, and the symptoms and shape of the stones 
warrat snijical mterrention, every effort should he made to preserre 
renal tissue. 

The patient s age may also be a factor in determining the operative 
procedure. In a case of unilateral multiple stones in an old person 
nephrectomy may be advisable, whereas a similar condition in a young 
person might warrant conservative operation. If a patient more than 
60 years of age has a renal stone that is causing few or no s}Tnptonis, 
the stone may be left; if the patient were younger, removal would 
be indicated. 


DIFFERENTIAL RENAL FUNCTION 


The comparative estimation of function of. either kidney by present 
methods is notoriously uncertain and misleading. Because of reflex 
irritation caused by the presence of stone in the renal tissue, the tests 
of function are frequently inaccurate. It has been our experience that 
reliance can be placed only on high and low values. The normal or 
nearly normal return of dye from the affected kidney can be accepted as 
an accurate index of the condition. No return of dye, or only a trace, 
usually indicates marked destruction of renal tissue, although in some 
cases a surprising amount of good renal tissue is found at operation. 
Intermediate values of dye return are inaccurate, and little reliance can 
be placed on their interpretation. 

Intravenous injection with indigo carmine is the simplest functional 
method. The intensity of the color of the urine from either ureteral 
orifice affords a rough but fair index of the renal function. The 
differential phenolsulphonphthalein test is usually more accurate in 
determining the degree of reduction in function, but is equally subject 
to reflex inhibition of secretion and to technical error because of 
leakage around the ureteral catheter and faulty drainage. Nevertheless, 
in determining the type of operation in cases of multiple stones, espe- 
cially of bilateral nephrolithiasis, differential renal functional tests may 
be of decisive practical value. Pyelography may be more accurate in 
giving an estimate of renal function than any dye test by outlining the 
extent and character of the pyelectasis or other deformitj'. In other 
words, extensive destruction of renal tissue is rare when the pyelogram 
demonstrates a comparatively normal pelvis. However, if there is evi- 
dence of marked pyelectasis, elongation and dilatation of all cahces. 
cortical necrosis, cicatricial changes, or marked atrophy of the renal 
pelvis, renal injury is usually considerable, and nephrectomy may often 

be desirable. 

RENAL FLUOROSCOPY 


There is no preoperative diagnostic method which will ahvays 
one to determine the exact number of shmes praent. ‘3 

shadows visible in the roentgenogram may be identified as intra 
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The indications for operation in the presence of multiple sinnes in 
the kidney are not standardized and are influenced largely by the clinical 
data in the individual case. The tendency in recent years has been 
toward conservation. If in the complete removal of stones the kidney 
is not too greatly injured, and if it is shown that considerable functioji 
remains, the kidney should be saved. It may be comparatively easv tM 
remove the kidney, but it requires experience and the cooperation of 
several technical aids to remove all the stones successfully and save the 
kidney. Among the factors which must be considered in determinin.t* 
the advisability of conservative operation arc the size, shape and number 
of stones, the area involved, the function of the organ and the age of 
the patient. 

SIZE AND SHAPE OF STONES 


It should be recognized that the removal of large branched stones 
may necessitate considerable destruction of renal tissue. The removal 
of round, smooth stones, even if they arc of considerable size. cau>es 
much less injury than removal of branched or coraliffinn sloncs whicli 
fill the pelvis and calices. Round stones arc usually situated in ilu- 
pelvis and seldom involve the calices; therefore their removal by jielvio- 
lithotomy is usually comparative!}' easy. If a branched stone involvi". 
but one calix, destruction of renal tissue resulting from its removal 
not extensive. When, however, all the calices are involvefl. comjileti* 
removal of the stones from the ends of the c.Tlices usually caii'-c'- "i* 
much destruction of renal tissue that c<inservation is inadvisable. The 
complete rcmov.Tl of multiple small stones siniaietl in different portion^ 
of the kidney without much injury to the renal tissue is difticnli b«eau-e 


of failure of localization. Such difficulty is greatly lcs‘-cne«l by ila- 
of renal fluoroscopy. The suggestion made by W. J. .Mayi. .Mid 
Geraghty that large branched stones in both kidneys shunld be left .-<!■ 
unless tile .symiitoms arc so acute as to warrant emergency * 
is, in general, followed. In cases of ri»und nr snuciib .-;<>ne' j:i b 
kidneys, however, operative re.^ults are usually much betn r. 1: -t - 


•i *1 ? 

]ty 
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course of six months or ma}^ not change in a year or two. Thcv are 
o ten not due to actual lithiasis, but to deposits of calcium in the tissues 
sandy material, pieces of adhesive plaster near the external wound 
or bits of suture. In case small fragments remain, drainage is usuallv 
well established, and they are often passed spontaneouslv. In two cases 
in which the kidney was incompletely delivered, definite shadows of 
stones of 1 cin. in diameter were noted in the postoperative roentgeno- 
grams of partially delivered kidneys. It is in these cases that renal 
films exposed at operation as suggested by Quinby would be particularly 
valuable. Although this method is simpler and is more widely available, 
the delay in developing the films and the technical errors which may arise 
will retard the operation. Furthermore, localization of the stone is much 
less accurate. 

As previously stated, the indications for operation in cases of multiple 
renal stones vary largely with the individual circumstances. The 
following cases are illustrative of many of the problems that present 
themselves, 

REPORT OF CASES 


Case 1. — Multiple stones in one kidney and stone in the lower portion of the 
ureter on the same side. 

A man, aged 27, complained oi having had repeated colic referred to the left 
loin for several years. Results of physical examination at the clinic were negative. 
Urinalysis showed 35 pus cells to a field. The renal functional tests were normal. 
Roentgenograms disclosed the shadow of a branched stone or possibly multiple 
stones in the area of the left kidney; also two shadows in the region of the lower 
portion of the left ureter, the larger shadow measuring 1.5 by 1 cm., and the 
smaller 1 by 1 cm. On cystoscopy, an impassable obstruction was encountered in 
the left ureter at the ureterovesical juncture. The dye tests indicated moderate 
reduction in function of the left kidney. The right kidney was normal. The 
operative procedure consisted of preliminary left ureterolithotomy followed several 
weeks later by nephrolithotomy with removal of a branched stone and scvcrtil 
fragments. 


Comment . — If stones are present in both ureter and kidney on the 
same side, it is usually first advisable to remove the stone from the 
ureter. It has been our experience that a ureteral stone will frequently 
be displaced immediately following operation on the kidney and may 
then cause a complicating ureteral obstruction. If the stone is small 
and situated at the wall of the bladder, manipulation might finst be tried 
although with stones in the kidney as well, only one or two attempts 
should be made because of possible complicating acute pyelonephritis. 
With multiple stones of this size ureterolithotomy rather than cysto- 
scopic manipulation is indicated. 

Case 2.— Stone in the kidney and migratory stone in the ureter on the saw. 


A woman, aged 36, had had intermittent pain referred to the J"''" 
<iuadrant of the abdomen for three years. Physical examination was g 
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It is now generally recognized that the number of stones discovered 
at operation often differs from the numlier of shadows in the roentgeno- 
gram; therefore, a method must be employed which will ensure com- 
plete removal. Two procedures employed to accomplish this arc renal 
fluoroscopy and roentgenograms made on the operating table. In fact, 
it is questionable whether a conservative operation for multiple renal 
stones should be attempted Avithout using one of these methods. We 
have employed renal fluoroscopy in 370 cases and have found it most 
useful in the removal of multiple renal stones. Those who arc not 
experienced in the use of renal fluoroscopy claim that it often fails 
because it does not reveal all the stones. This may occasionally be 
true of minute fragments from 1 to 2 mm. in diameter. It is rarely true 
of stones larger than from 2 to 3 mm., if correct technic is employed. 
Another objection ma}* be raised because of the difficulty experienced in 
the exact localization of small stones, but this procedure may be greatly 
aided by the insertion of needles at different angles, under the guidance 
of the fluoroscope, so that the needle points will approximate at the 
site of the stone. The objection has been raised that the surgeon is 
placed in an awkward position when there is a small stone in the c:id 
of a calix or in the parench 3 *ma which in spite of skill and ]iaticnce he 
is unable to find. As a result, either considerable mutilation of the 
kidne}’ ma}* be necessary before the stone is found and removed, or it 
may be advisable to remove the kidnex’ rather than to let the stone 
remain. There are limits to the extent of renal injury justified in 
searching for a fragment of stone, and it may occasionally be arlvi.^able 
to leave a small stone fragment rather than injure the kidney further. 
^^'e have obserx'ed several cases in which a small stone was left pocketed 
at the end of a calix after multiple stones had been removed from the 
kidnex’. and on reexamination years later, the stone had not increased 
in size, had not caused sjTnptoms. and the function of the kirlnex* xva> 
almost normal. Leaving the stone, hoxx'cx’er, is justifiable only in selected 
cases of this kind. It is true that unless the kidnex' can he delix'ercd 
abox’e the lex'el of the abdominal xx'all, it may be difficult to see it clearly, 
and x'et if the patient is thin, it is remarkable how cle;irl\' the kidtu-y 
can be seen ex'en though not completclx' delix'crcd. This difnruhy hr:- 
been obserx’ed in approximatclx’ 15 per cent of all cases. 


No method of diagnosis is infallible, but in a review tl’.c 
of renal lithiasis in xx'hich renal fluoroscopy x\-as employt-/l. 


.'/< • ca-*-' 

Wf h:i\<- 


found .shadoxx-s in posto])craiix'e roentgenograms in only 
6 per cent. In mo.et of thc.«e cases, the kidney xx-a- 
delivered. In sex*eral cases, the shadoxx-.-s xvere doul-tful. In 


21 ca-x 
inci ! 

i «.V. h, • »« 



shadoxx-s of no surgical significance arc no: infreqi’.intly 


m'n' rv* 


the rocnisenojrnim taken after operation, 
be associated xvith any symptoms and ir.ay 


.^nch 

vitliiT 
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figure 1, the shadows of the two stones are visible, one in the right 
kidney and the other in the right ureter at the level of the third lumbar 
vertebra. 

Case 3.— Stone in the kidney and pyonephrosis, and stone in the lotvcr .portion 
of the ureter, indicating ncphro-ureterectomy. 

A man, aged 22, gave a history' of recent attacks of pain referred to the 
upper part of the left side of the abdomen, with pyuria and hematuria. Physical 
examination revealed tenderness over the area of the left kidney. The phenol- 



Fig. 2 (case 3).— Multiple stones in the left kidney and lower portion of the 
left ureter. 


sulphonphthalein return was 45 per cent in two hours. The u 
large quantities of blood and pus. On cystoscopic examination. . 

dence of marked reduction in function of the left kidney an an oi 
.0 .he c.h«r in .he lower porta of «>. ief. ntar 
grains dUebsed nmWple sca..«.ed hranehed ..ones .n 
and multiple large stones in the lower portion of the left ure . 

“cbS. wL nn.de, and .he Iona, end of .he d^^^ 

nephrectomy was performed through a lateral incision, and 

out with the kidney. 


BRAASCH-CULLIGAX-^MVLTIPLE RESAL STOSES ’'o 

Urinalysis was negative save for a few pus cells. Roentgenograms showed one 
shadow 1 cm. in diameter in the area of the right kidney and another li cm. 
in diameter in the region of the right ureter at the level of the fifth lumlar 
vertebra. Unsuccessful attempts were made to remove the ureteral stone by 
manipulation. It was then decided to displace it upward by means of a ureteral 
catheter introduced through the cystoscopc so that both stones could be removed 
through the same incision at operation. This was done while the patient wa« 
under anesthetic just before the incision was made over the area of the richi 
kidney. Pelviolithotomy was then performed, with removal of both .«t'ine> 
through the same incision. 



Fig. 1. (case 2). — Two stone.s. one in the riebt kidiiej .unl tbr I'lbir ::: !:;• 
right ureter at the level of the third lumbar vertebra. 


Comment. — The patient was saved from the ordeal "f a 
sccoitd oi)craiion hy this simple maneuver. It i-^ evidfiit tlia: ‘V.'ii 
inanipiilation would he imssilile only with a miiiratory "'."r.e ar.'. ;•! 
presence of a dilated ureter. Keinoval of a ^totIl• situr.’.vi t:; the ’• : 
third of the ureter hy means of the ii-urd nu-ih." 1-' •>' ■' 

is usually difilcuh and ]>os>ihU* of accotnpli-hnv.r.t y r n*- 
trials and lon^ delay. In the pre-enev ot two ■"t'-vc* '.av-'T.. y ■ 
the operative pr»-ce«lure here imployid i*- • 
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Case 6.— Massive bilateral nephrolithiasis, symptomlcss and inoperable. 

A man, aged 20, gave a history of a slight dull ache in the right side of the 
abdomen for the last six months. There were no urinary symptoms. Results 
of physical examination were negative, except that urinalysis disclosed 40 pus cells 
to a field. Roentgenograms showed massive multiple stones in the areas of hotli 
kidne3'5 and a single stone in the area of the bladder. The phenolsulphonphthalein 
output tvas 35 per cent in two hours, the blood urea was 38 mg. for cadi 100 cc. 
Cystoscopic examination showed the function of both kidnej’s to be slightly 
reduced and equal. The clinical diagnosis was bilateral nephrolithiasis with 



Fig. 3 (case 4).— Stone in the ureter, extra-ureteral stones, and multiple stones 
in the area of the left kidney. 


by litholapaxj'. 

Co..«..c»(.-The destruction of renal tissue “'“'l„Ts!S of 

l^tirpednre 
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Cowwi'vt . — In case of ninllipic stones in the kidney and urelcr, and 
destruction of renal function, coinhined ncpliro-nrctercctoniy is advis- 
ahlc. 'Die patient's condition in.ny occasionally make it advisable to 
j)erfc»rni nephrectomy first and itreterolithntomy later. Lar^c multiple 
Stones in the ureter, if not removed, may can.se cnnsiderahle local infec- 
tion. .\ widely dilated anil infected ureter may act as a ])ocket of 
infection and shonid also he removed. If the stone is sin;;Ic and not 
I.arfter than I cm., it can nsnally he left in .sitn for the time hein^. The 
majority of snch stones will not can.se further trouble, hut shonid 
he removed if iwketin.n of rej'nrjritated urine develops. Shadows of 
multiple stones in the left kiilney and lower jiortion of the left ureter 
may he seen in tijiure 2. 

t".\si. .tlciirs in <»«<* hulnry ami slonr in the lauvr f>orlian of the 

ureter an the athrr sitie. 

.\ nirin. .'luerf .U. h.nl lintl repcaicil :ilt.*ick.s nf pain in tlie riRlit Iiinilinr .nren 
wiili aniiTior r.Kliaiii<n ilnrine llu* fii<>i two ytsars. Tlie results of a ftenernl exami- 
nation were neealive. l'rinalysi> iliM’lii.-eil 5<t pus cells to a lielcl. Koent|;cnoKrani.s 
contained shadows sneecstive of stone in the area of the riKhl pnrtinn of the 
ureter, 1..5 hy 1 cm. in diameter, prohahle phleholiths and .shadows of multiple 
.slonc.s in the left kidney, the lartjer 2 hy 2 cm. in dkimeter. On cystoscopic 
examination, the urine from Nith ureteral orifices was clear, and the function of 
hiith kidneys was eipial and almost normal. .An unsucce$.«ful attempt was made 
to remove the stone from the riKhl ureter hy manipulation. .At operation, right 
ureterolithotomy was first performed and two weeks later left pclviolithotomy. 

Cotmm'ni . — With stmic in the ureter on one !«ide and multiple stones 
in the kidney on the other side, ns in this case, the indications for 
surj^icnl intervention are the sntne ns in c.n!ics of hilntcrnl nephrolithiasis ; 
in other worils, the .side which jtresent.s the mo.st acute recent symptoms 
should usually he ojierated on fir.st. In this case, the indication was to 
retnove the stone in the rij^ht ureter first. Its removal hy means of 
cy.stoscupic manipulation mi^ht he tried, hut heenuse of the danger of 
.subsequent pyelonephritis and heenuse of multiple stones in the kidney 
on the other side, only one or two attempts should he made. The 
po.ssihility of one of the .stones in the left kidney becoming displaced 
ami obstructing the ureter with resulting anuria must always be con- 
sidered. If. therefore, the acute symptoms were caused hy the renal 
stone, nephrolithotomy should he performed first, and later manipulation 
of the stone in the other ureter. In figure 3, the shadow of the ureteral 
stone is included in the outline of the ureter which, together with the 
pelvis, is moderately dilated. The other shadows are shown to be extra- 
ureteral. Shadows of multiple stones are visible in the area of the left 
kidney. 
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Couimeuf . — In case of multiple small stones in the renal pelvis, 
there should not be any unnecessary dela\' in operating because of the 
danger that one of the stones may pass into the lower portion of the 
ureter. In such a case, if the stone cannot be removed easily by manipu- 
lation, the extra operation is indicated. It is remarkable how often 
the smaller renal stones will pass into the ureter while the patient is 
under observation, apparently influenced by the purging and manipu- 
lation incident to roentgenography and cystoscopy. Manipulation of a 



Fig. S (case 6).-The stone oner the twelfth rib on the right side moccd into 


the lower portion of the ureter. 


tion than- in uncomplicated cases. In figure a the 
which appeared over the twelfth rib on the right stde. has 

into the lower portion of the ureter. 

• case 7.-Bi,..c™, «;• “ “i'tLlnTleMo*-- « 

A rather feeble man. aged 68. had had d P . jj,,. riglu flank 

intervals for to of physical caaniination were 

on several occasions during the lasi jea 
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a fragment breaks off and obstructs the ureter. Ureterolithotomy or 
cystoscopic manipulation should then be performed in selected cases. 
The shadows of multiple branched stones, filling the pelvis and calices of 
both kidneys, and of the stone in the bladder are .shown in figure 4. 

Cask 6.— Bilateral stones, multiple in one kidney with single stone in the other. 

A man, aged 43, gave a histor>’ of repeated attacks of colic in the areas nf 
both kidneys, more recently on the right side. Results of physical examination 
were negative, except for slight tenderness over the right kidney. L’rinalysi- 



Fig. 4 (case 5). — Multiple branched stones filling tlw pelvis aivl ralire- < i 
both kidneys, and stone in the bladder. 


1 .. 


showed 32 pus cells to a field. The output of phcnolMiIiilioni>btba!i in v...' j" 
cent in two hours and the blood urea was 64 mu. fur tacli F*'! cc. Kk i.tec-- 
grams showwl one large and one small shadow in the area of tla- rivlit Jjn'.sas 
and a single medium-sized shadow in the are.T of the left l;idr.e> V> Ina- 
patient was being observed and a cystoscopy perfonneil. tlie Mualbr a 
from the right kidney to the k>wer portion of the uriter. h w:.- 
perform a right ureterolithotomy at once. .\ riebt peKioiit’a-'.i-v.v. w..* j 
binned several weeks later. 
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cal examination revealed tenderness over both kidneys. The two hour output of 
phenolsulphonphthalein was 45 per cent. Roentgenograms showed a huge, 
branched stone and multiple smaller stones in the area of the left kidney and 
two stones, 1.5 by 1 cm. in diameter, in the area of the right kidney. The outline 
of the right kidney in the roentgenogram apparently indicates In-pcrtrophy. 
Cystoscopic examination ■ showed normal function of the right kidney and only 
slight function in the left. Right pelviolithotomy was performed, followed by 
left nephrectomy. 

Comment . — ^In cases of bilateral stones of this type, in the absence 
of recent acute symptoms, it is usually advisable to operate first on the 



ureteral atone is obt-ioua. In figure ^ 
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negative. Urinalysis showed 60 pus cells to a field- The two hour phcnolsulplion- 
phthalein output was 30 per cent, and the blood urea was 58 mg. for each 
100 cc. Roentgenograms revealed bilateral nephrolithiasis and multiple round 
stones in Ijoth kidneys. In the left fcidnej-. the largest shadow was 3 by 4 an- 
with many small shadows. In the right kidney, the largest shadow was 2 by 
3 cm.; there were multiple smaller shadows. Cystoscopic e.\amination demon- 
strated that the comparative function of the two kidneys was greatly reduced, 
that of the left kidney being somewhat better than that of the right. It was 
thought inadvisable to operate on this patient because of lack of acute .cj-mptom.' 
and also because of his age. 



Fig. 6 (case 7 ). — Multiple bilateral renal .‘■tune'. 


Comment. — If the patient had Itceii 20 nr 30 years ynun^vr. open'i- 
tion nii];lu have been iiulicatcd, since his vitality ami the life e.Njurtam’j 
ini{;lit then have justified the risk. The shape »»i the .-tone' mii:!’,: b.r.vr 
permitted oi>eration. The ctwiiparatively round or MU'i-nh st'im--. e\t r! 
thoujih multiple, would not have nece.>;sitaiefl much destritctiMti «i! 

I'ifrnrc 6 shows shadows of multiple, hilnieral renal .'•tone-. 

C.\si; 8 .— ftrfltrxlilhiish re;.'/: rnr H.itiry r 
atid the other Kof mol 

A man. aged 25. tiad h.id attacks tif «T\cre p-iin in b tb ;; • . . 

of 7 vear.s. Recentl> the pain hail b:t-n rn'erred mtirily 
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W^ey wth the better function first, and, if indicated, to remove the 
othCT Itidn^ later. Since the pain in this case tvas practically the same 
on both sides, it ^s deemed advisable to operate on the right kidnev 
first because of its better function, and to remove the stone in the 
ureter before pelviolithotomy was attempted. As the stones were not 
branched and, therefore, were not wedged into the calices, they could 
be removed without much injuiy to the renal tissue. The indefinite 
hazy shadow adjacent to the shadows of the larger stones is explained 
by sandy material. Even though this is not completely removed, there 
is seldom danger that it will act as a nucleus for the formation of other 
stones if adequate drainage is ^tablished. In figure 8 may be seen the 
shadows of multiple stones in the areas .of both' kidnej’S. The stone in 
the lower portion of the left ureter is not visible iii the roentgenogram. 

Case 10. — Bilateral nephronthiasis: iitultipic small stones in one kidney and a 
single small stone in the other. 


A woman, aged 32, gave a history of intermittent colfc referred to the right 
loin, accompanied by pyuria, and -chills and fever during a period of two and a 
half years. Several small stones had passed during these'attacks. '-There were no 
symptoms referable to the left kidne>'. The results of a general physical exami- 
nation were negative.' The roentgenograms contained multiple scattered shadows 
of stones varying in size from 0.5 to 1 cm. in the area of the right kidney, and 
the shadow of a single stone 1 cm. in diameter in the area of the left kidney. On 
cystoscopic examination, the function of -both kidne>'s was found to be normal 
and equal, and by means of urography the shadows -were shown to-be intrarenal. 
A diagnosis was made of bilateral nephrolithiasis, multiple small stones in the 
right kidney and a single stone in the left kidney. Combined nephropelvio- 
lithotomy was performed, and five cortical stones were removed from the right 
kidney. Fluoroscopic examination on the operating table showed that the kidney 
was free from stones. This obsenation was corroborated by a postoperative 
roentgenogram. The stone from the left kidney passed after an attack of colic. 
Cystoscopic examination one month later showed the function of both kidneys 


to be normal. 


Comment . — It was thought advisable in this case to remove the 
stones from the right kidney only because the stone in the left was single, 
was not causing acute symptoms and was small enough to pass. The 
removal of multiple small stones scattered widely in the kidney may 
be exceedingly difficult, but with the aid of renal fluoroscopy their 
complete removal with a minimum of renal injury is usually possible. 
In figure 9 are seen the shadows of multiple small stones in the right 
kidney and a small single stone in the left kidney. 


Case 11.— ^Multiple, bilateral stones with conscn'ativc operation indicated for 

both kidneys. . , 

A man, aged 48. gave a histor>' of having passed stones and sand 
since he was S months old. Pain was always confined to the ‘ 

abdomen and had been more acute recently. The urine had 
The results of the physical examination were negatue excep 
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Case 9. — Operable bilateral nephrolithiasis, together with stone in the ureter. 

A woman, aged 47, came to the clinic with a history of repeated attacks nf 
colic referable to the left renal area and occasional dull pain in the right. *I'i:e 
results of a general physical examination were negative. The rocutgemigrams 
showed shadows of multiple stones in the area of the right kidney, and mic or 
more in the area of the left kidney, as well as a shadow 2 mm, in diameter in 
the area of the lower portion of the left ureter, Cysto.<copic examination sh>mc<l 
the function of both kidneys to be somewhat less than normal, the function of the 
right being slightly better than that of the left. A stone was seen partially pro- 
truding from the left ureteral orifice: this was cut. and it subsequently passed. 



I'ig. 8 (case 9). — Multiple stones in the are;o> of 1* ‘lb l.i'bi'.i'. 


Right pelviolitholomy was performed and a single ‘tagla.ni •-’.I'lie ic: 
fnnn the kidney, together with niucb s:imlj material, .. 

pelviolitholomy was done, and a stone. 2 by 2 cm. in dianntir. a #•: 

stones and some sandy material were removed. Two month' ;.!:ir o'.-r. ;• ■ 
function of both kidneys wa> normal and eptal Siib'e'.'i:* 
were negative. 

Conunt'iil. — In the prcscni’c of liilaieral nej>!iri»!i:l:i:i'i'. it 
.^<Ivi.'«.^J)k* lf> opcniU* first «>n the kiilnoy cati'iny re. i-::'. : 

If the syinjiioins ;nv nm acuti*. it is n'raliy *..• <<;. :..;e • ■ 
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at^ remam in the left kidney, but thej- are in the enda of ih. . i- 
where they wiU probably cauae little further ininn "L*'’' 

found- and'J,::2'£’ 
The fact that twelve stones were removed from the right kidney ind 
that a postoperative roentgenogram was negative attest to the value* of 
fluoroscopy. Postoperative cystoscopy showed marked improvement 
in the function of both kidneys. The possibility for improvement in 
renal function following operation for multiple stones is greater when 
localized areas of infection are present than when they are not. 



Fig. 10 (case 12). — Two large stones in both lower ureteral areas, with lead 
catheters adjacent to them. 


Case 12. — Bilateral large ureteral stones. 

A man, aged 28, had had dull pain, referred to the areas of both kidneys, 
pyuria and intermittent spells of fever for many years. Physical examination 
revealed cachexia and severe enemia. Urinalysis showed a large amount of pu-- 
The phenolsulphonphthalein return in turo hours was IS per cent, and the blood 
urea 44 mg. for each 100 cc. Roentgenograms showed two large shadows in the 
area of the bladder, which might have been caused by stones in the diverticula oi 
the bladder or in the ureters. On Q-stoscopic examination, multiple diverticula 
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Mess was evident over the left hinilinr area. Urinalysis revealed jnis in large 
«innntities. The two hour output of phenolsttlphunphthalein was IS per cent-; and 
the hlooil nrea was 52 ing. for each KX) cc. Koentgcnograins showed multiple 
shadows scattered over the areas of both kidneys, (hi rystnscopic examination, 
the urine from Imth kidneys was found to he cloudy, and the function of both 
kidneys to he greatly and etpially reduced. A diagnosis was made of multiple 
stones in both kidneys with reduced function and infection. Kight stones were 
removed from the left kidney by comhined nephropclviolithotomy. The kidney 
was three times the normal size and contained a great deal of pH.s. Although 



h'l’g. 9 (ease 10). — Multiple .stones in the right kidney and a single stone in 
the left kidney. 

lluorosnipic examination showed two remaining shadows, it was considered 
advisable not to carry on the search since the patient was weak and the removal 
of the stones would have necessitated much destruction of renal tissue. Subse- 
quently a right nephropelviolithotomy was performed and twelve stones were 
removed. Postoperative roentgenograms showed two fragments of stone remain- 
ing in the left renal area and none in the right. 

Comment . — The case illustrates the extent to which conservative 
operation can he successfully carried out in bilateral multiple nephro- 
lithiasis by employing renal fluoroscopy. It is true that two fragments of 
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the upper portion of the ureter and pelvis. An attempt should be made 
find the smaller stones first, since the larger stones can be picked 
up readily. Fortunately, m this case the stones passed following cvsto- 
scopic manipulation, although their presence caused a ureteral fistula 
for a period of several weeks. 


Case \A.— Stone in kidney, ureter and bladder. 

A man, aged 38, was examined at the Clinic in February, 1925. Five vears 
previously, he had had an attack of sliarp colic referred to the upper right quad- 
rant of the abdomen and to the lumbar area, which required several hypodermic 
injections for relief. Since then he had had similar attacks of pain at intervals of 
from two to six months. Three years previously, a stone, about 0.5 by 1 cm., had 
passed with hematuria. One week before he came to the clinic, the pain had been 
referred to the left kidney, with anuria for two days. A roentgenogram made 
elsewhere showed the shadows of stones in both kidneys. Recently he had com- 
plained of anuria and nausea, but he was otherwise normal. Urinalysis showed 
the presence of- a moderate number of pus cells and red blood cells. The roent- 
genograms contained what appeared to be shadows of stones in the bladder, right 
ureter and right kidney. There was no trace of phenolsulphonphthalein in two 
hours ; the blood urea was 282 mg. "for each 100 cc., and blood creatinine was 7. 
A low protein diet, hot packs and forced fluids were prescribed. In three day.*!, 
the blood urea, dropped to 1 12 and the creatinine to 4.8. The diet was continued, 
and a' Week later the blood urea was 36 and the' phenolsulphonphthalein return 
30 per cent. On cystoscopic examination, a diagnosis was made of stone' in the 
bladder, .2 by 1.5 cm., which. had apparently recently passed from the left kidney: 
this explained the rapid drop in the blood urea. A urogram localized a shadow in 
the middle third of the right ureter, and the shadow in the kidney w'as included 
in the outlihe of the renal pelvis. The function of the right kidney was moder- 
ately reduced. The stone was removed from the bladder by litholapaxy. Through 
a right posterolateral incision, the ureteral stone situated at the middle portion of 
the ureter was worked back into the pelvis, and removed, together with the stones 
in the kidney. 


Coinitieut . — ^The fact of greatest interest in this case was the evidence 
of marked renal insufficiency. In cases of multiple renal stones, tlie 
question not infrequently arises, whether operation is indicated in the 
presence of high blood urea retention. If there is acute ureteral obstruc- 
tion, immediate operation would, of course, be advisable. In the absence 
of such obstruction, unless evidence of renal insufficiency can be 
materially eliminated by placing the patient in the hospital and pre- 
scribing a low protein diet, forced fluids and elimination, the advisa- 
bility of operation is questionable. The anuria and evidence of retained 
nitrogenous elements in this case can be e-xplained by the recent blockage 
of the left kidnev by the ureteral stone, now in the bladder, and tlie 
presence of multiple stones in the right kidney and ureter. It is inter- 
esting to note the limits that the urea can attain as a result of urinary 
retention and then return to normal folloudng reestabli.shment of urinary 
drainage and other treatment. In the presence of coincident stone in 
the bladder and kidney, litholapaxy is usually indicated, and it save.«i the 



nh'.i.tscii-ci 'u.ia.ix— MULTI PL n ruxal stones 


275 


were found, but stones were not visible. .A cystoRrain showed the outline of the 
stones eNtendinc beyond the outline of the bladder, .so that it was evident that 
they were intrn-uretcral. This was further corroborated by lead catheters intro- 
duced into the ureters, which were found in a urogram to he adjacent to and 
partially coiled around the stone. A diagnosis of two large bilateral ureteral 
stones and multiple diverticula of the bladder was made. At the operation, 
bilateral ureterolithotomy was perf«wmcd, the right side being operated on first, 
l-ater the diverticula were resected. 

Cowninil . — It is cvirlcnl that any attempt at manipulation of stones 
of this .size in a ttreter is contraimlicatecl. When complicated by 
diverticula in the hl.'idder, .n.s in tliis case, they should he removed before 
the latter arc ro.sected. because of the possibility of ureteral obstruction. 
I'urihcrmore. renal function should he as nearly normal as possible 
before major ojieralion on the bladder is attempted. In figure 10 the 
outline of two large stones is visible in both lower ureteral areas, with 
UnkI ureteral catheters adjacent to them. 

C,\sn l.\ — Mullil'h' sloiti's in iiiricr; ilifficullit's in mnoval. 

A ni.in. .*igfd .^.1. presented him.self for exmiiinatiun in April, 1924. In 1915, 
.*! stone 11.1(1 been removed elsewhere from the right ureter. In 1916, three small 
c.ilculi passed while the patient had colic referred to the area of the left kidney. 
Si.\ months previous to the time he was examined, he experienced severe colic in 
the left side, and at that time roentgenograms showed a shadow opposite the third 
lumbar vertebra and a smaller one in the kidney. Since then a dull, dragging 
feeling had been noted in the left flank in the morning. Roentgenograms showed 
a shadow under the fourth traiusverse process on the left side, apparently due to 
multiple calculi. Urinalysis showed the presence of a few microscopic pus cells, 
and tests of renal function were negative. On cystoscopic examination, an impas- 
sable obstruction was met by the catheter 15 eni. above the ureteral orifice. A 
ureterogram showed slight dilatation of the left lower third of the ureter. There 
was no evidence of iodide above the shadow of the larger stone. A diagnosis 
was made of multiple stones in the lower third of the ureter, the largest being 
2 by 2 cm., with two smaller stones just above it. 

L'retcrolithotomy was iierformcd. and onb’ one stone corresponding in size to 
the larger shadow could he found. The ureter was dilated above this, and it was 
thought ])0.ssihle that the smaller stones might have passed up into the kidney. A 
persisting fistula remained in the ureter for several weeks following the operation. 
Postoperative roentgenograms showed two small stones in the lower third portion 
of the left ureter. Several ureteral catheters were introduced into the ureter full 
length and fastened in it. Following repeated manipulations, both stones passed. 

Coiiwicut . — With multiple stones in the ureter, and particularly if 
the lower one is the larger and impacted, it is logical to assume that the 
ureter above is greatly dilated. In such cases extra precautions should 
be taken not to permit the smaller stones to escape from the field of 
operation. With the relaxation caused by anesthesia and with the 
patient in the Trendelenburg position, even though the proximal por- 
tion of the ureter is partially clamped, a small stone may escape into 
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never had any urinary symptoms. The results of a general examination u*crc 
negative, including tests of renal function. Urinalysis disclosed an occasional pus 
cell. A renal roentgenogram contained two shadows apparently in the area of 
the left kidney, the larger being 1 by i cm. On cystoscopic examination and 
pyelography, an anomalous pelvis of a fused left kidney was found. The original 
shadows of the stones were included in the outline of the pelvis. Anomalous 
lateral insertion of the ureter with evidence of abnormal rotation of the pelvis 
was typical of a fused kidney. A subsequent pyelogram of the right side showed 
a similar condition. The function of both kidneys was practically normal. A 
diagnosis was made of multiple stones in the left pelvis of a fused kidney. 

The fused kidney was revealed through an anterior incision. The pelvis of the 
left half of the kidney was extremely dilated, and a stone, 1.5 by 1.75 cm., was 
removed. The stone was shaped like a dumb-bell, giving the appearance of a 
second stone in the preoperative roentgenogram. Other stones could not be 
found on exploration. 


Comment . — ^Multiple stones in a fused kidney offer peculiar compli- 
cations in judging the necessity of surgical intervention. If the stones 
are large and branched, hlliilg the pelvis of the kidney, without causing 
significant symptoms, ah (deration is hardly indicated. It must be 
admitted that the difficulties of operation in a fused kidney are greater 
than in the normal kidney. As a rule, the anterior approach with 
conservative operation in a fused kidney is preferable to the posterior 
incision. The difficulty in delivering the kidney and in completely 
removing the stone is necessarily greater. Unless the patient is unusually 
thin, it is impossible to employ renal fluoroscopy in the presence of a 
fused kidney, and the use of roentgen-ray films on the operating table 
might be applicable. 

Stones sliaped like dumb-bells frequently give the appearance of 
multiple stones. One must be certain, however, that another stone is 
not present, even though the shape of the stone is such that it could 
cast two shadows. The position of a stone of this type in itself would 
be suggestive of renal anomaly, since multiple stones of this kind 
usually are not present in the ureter. In a fused kidney, they are 
generally near the median line, as in this case. The appearance of 
the pyelogram, and particularly the insertion of the ureter and the 
rotation of the calices, are typical of horseshoe kidney, and it should 


be easily recognized. ... 

In figure 11 the pelvis of the left kidney is visible, with ^vo original 

shadows obscured by the pelvis, which is slightly dilated ° 

complete rotation of the pelvis is tjpical of fused kidney. The cahees 


dilated. 
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patient from im(lcri:oinH: an operation. Under such circumstances, the 
Slone in the bladder is usually of renal origin. Also of interest in this 
case was the ability to work the stone in the ureter up into the pelvis 
so that it could be removed together with the renal stone through one 
incision, 'riiis. of course, is ])o.ssib1c only when the stone is not too 
large anrl irregular and when the ureter is large enough to pennit it. 
.'\s ssecn in the urcigram. the ureter was hardly large enough to permit 
this, but it was i)robably not completely distended. The pelvis and 



Pif^. 11 (case 15). — Two original shadows obscured by the pelvis of the left 
kidney. 

calices may be normal in spite of the presence of a stone in the kidney 
and ureter. 

Cask 15 . — Stoucs in the left half of a fused kidney. 

A man, aged 39. presented himself for examination at the clinic in July, 1924. 
His gallbladder and appendix had been removed at another hospital in 1921. 
Eight months prior to examination, he first noticed sharp pain originating in the 
lower left abdominal quadrant and radiating through to the back and downward 
into the area of the bladder. Four severe attacks during the last three months 
before he came to the clinic had required the administration of morphine. He had 
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never had any urinaiy sj-mptoms. The results of a general examination ^^•erc 
negative, including tests of renal function. Urinab-sis disclosed an occasional pus 
cell. A renal roentgenogram contained two shadows apparently in the area of 
the left kidney, the larger being 1 by I cm. On cystoscopic examination and 
pyelography, an anomalous pelvis of a fused left kidney was found. The original 
shadows of the stones were included in the outline of the pelvis. Anomalous 
lateral insertion of the ureter with evidence of abnormal rotation of the pelvis 
was typical of a fused kidney. A subsequent pj'elogram of the right side showed 
a similar condition. The function of both kidneys was practically normal. A 
diagnosis was made of multiple stones in' the left pelris of a fused kidney. 

The fused kidney was revealed through an anterior incision. The pelvis of the 
left half of the kidney was extremely dilated, and a stone, 1.5 by 1.75 cm., was 
removed. The stone was shaped like a dumb-bell, giving the appearance of a 
second stone in the preoperative roentgenogram. Other stones could not be 
found on exploration. 


Comment . — Multiple stones in a fused kidney offer peculiar compli- 
cations in judging the necessity of surgical intervention. If the stones 
are large and branched, filliiig the pelvis of the kidney, without causing 
significant S 3 rmptoihS, ah operation is hardly indicated. It must be 
admitted that the difficulties of operation in a fused kidney are greater 
than in tlie normal kidney. As a rule, the anterior approach with 
conservative operation in a fused kidney is preferable to the posterior 
incision. The difficulty in delivering the kidney and in completely 
removing the stone is necessarily greater. Unless the patient is unusually 
thin, it is impossible to employ renal fluoroscopy in the presence of a 
fused kidney, and the use of roentgen-ray films on the operating table 
might be applicable. 

Stones shaped like dumb-bells frequently give the appearance of 
multiple stones. One must be certain, however, that another stone is 
not present, even though the shape of the stone is such that it could 
cast two shadows. The position of a stone of this type in itself would 
be suggestive of renal anomaly, since multiple stones of this kind 
usually are not present in the ureter. In a fused kidney, they are 
generally near the median line, as in this case. The appearance of 
the pyelogram, and particularly the insertion of the ureter and the 
rotation of the calices, are typical of horseshoe kidney, and it shouk 


be easily recognized. ... 

In figure 11 the pelvis of the left kidney is visible, with two ongmal 

slMdows obscured bj- the peh-is. which is slightly dilated Failure ^ 
complete rotation of the pelvis is typical of fused kidne>. e ca lees a 


dilated. 
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others have emphasized the importance of the pylonis in relation to 
chronic ulcer m man. In Fenwick’s" statistics from human beings 
/o per cent of the chronic gastric ulcers occur in this region, while, 
experimentally, acute lesions frequently show a delay in healing in the 
pylorus. More trauma is produced in this area from food and gastric 
juice than in other areas of the stomach (Friedman and Hamburger.*' 
Morton” and others). 

Konjetzny discussed the importance of injuiy^ to the mucosa from 
food and reported some interesting obser\’ations on weaned calves. 
Gastritis, multiple erosions and chronic ulcers were found in the stomach 
after the diet was changed from milk to rough food. These lesions 
healed when the calves were again put on a milk diet. He concluded 
that trauma was most important and that the gastric juice was of 
minor importance in the etiology of these lesions. Ba^io ” also pro- 
duced chronic gastric ulcer experimentally when he fed a coarse diet 
mixed with 3 per cent hydrochloric acid, but he failed to produce ulcers 
when he fed acid alone. His experiments, however, are too few to 
permit of any definite conclusions. 

Many types of operations have been performed for the purpose of 
studying the influence of acid on ulcers, by increasing the secretion of 
acid or prevention of neutralization by deflection of the duodenal con- 
tents into the ileum. Other methods have been the injection of quanti- 
ties of acid into the stomach. Matthes,*” in 1893, used this method in 
one dog and produced a delay in the healing of an acute ulcer. In 
investigations on monkeys and cats, Bolton^” made a more extensive 
study of this method of artificial hyperacidity. He fed the animals 
acid solutions varying from 0.18 to 1.5 per cent. He concluded that 
the destructive power of gastric juice was due to the hydrochloric acid 
present and that the acid was usually a factor in the initiation of an 
ulcer. 


7. Fenwick, cited by Friedman and Hamburger (footnote 8). 

8. Friedman, J. C, and Hamburger, W. W.: Experimental Chronic Gastric 
Ulcer, J. A. M. A. 63:380 (Aug.) 1914. 

9. Morton, C. B. : Observations on Peptic Ulcer : I. A Method of Producing 
Chronic Gastric Ulcer; a Consideration of Etiology, Ann. Surg. 85:207, 1927. 

10. Konjetzny, G. E., and Puhl, H.: Das sogenannte Ulcus pcpticiim des 
Magens der Absatzkalber, Virchows Arch. f. path. Anat. 262:615, 1^6. 

11. Baggio, Gino: L’importanzo del piloro e del trauma ab inpstis nella pm- 
duzione dell’ ulcera diguinal e dell' ulcera peptica in genere, Arch. ital. di chir. 13: 


249 1925. 

12 : Matthes, Max : Untersuchungen fiber die Patbogenese dcs Ulcus rotundum 
ventriculi und fiber den Einfluss von Verdauungsenzym auf Lebcnes und loot 
Gew'ebe, Beitr. z. path. Anat. u. z. allg. Pathol. 13:309, 1893. . t • • itie 

13. Bolton, Charles: The Part Played fay the Acid of 
Pathological Processes of Gastric Ulcer. J. Path. & Bact. 20:143 19b-1916. 
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Experimental data are presented on further studies on intestinal 
segments transplanted to the stomach. Particular study has been made 
of the influences of the chemical and traumatic factors in the etiologi* 
of ulcer. 

The almost constant observation of hydrochloric acid in clinical 
peptic ulcer has frequently led to the conclusion tliat it is an essential 
element in its production. Experimentally, however, it has been rather 
definitely established by many workers that uninjured intestinal mucosa 
is unaffected by exposure to the digestive action of gastric juice. 

Isolated segments of intestine, with their blood supply intact, trans- 
planted to the stomachs of dogs, remained unchanged in the experiments 
of Hotz^ and Licini.- Later, Dragstedt and Vaughn showed that 
various parts of the intestinal tract, kidney and spleen transplanted to 
the stomacli remained normal when subjected to the digestive action 
of gastric juice for long periods. In an experimental study of trans- 
plants to different areas of the stomach, De Takats and ^lann '' obtained 
a small percentage of chronic ulcers in patches on the }e5<;cr curvature 
of the stomach near the pylorus. The percentage of chronic ulcers was 
even greater, when a surgical duodenal drainage was also performed 
(Morton ®). The acid-alkali imlialance produced in the stomach by the 
latter operation and the mechanical stress to the patch on the le.<!ser 
curvature were the causative factors in these ulcers. .A.schofT® and 

1. Hotz, G.: Versuche fiber die Selbstverdaiiuiig dcs Darinc.*; im Magi-ii. 
Mitt. a. d. Grenzgeb. d. Med. u. Chir. 21:143, 1910. 

2. Licini, C: Der Einflusz der Magcnsaftc auf Icl)cndc Organgewebe bvi 
gesundem oder zerstortem Peritoncaliiberzug, Bcitr. z. Win. Chir. 82:. 177. 1912- 
1913. 

3. Dragstedt, L. R., and Vaughn. M. ; Gastric Ulcer Studies, .Arch. Surg. 
8:791 (May) 1924. 

4. Dc Takats. Gcza; and Mann. F. C.: The Effect mi tlie Jejunal Mnwsa 
of Transplantation to the Lesser Cur>-ature of the Stomach. Ann. .“lurg. 8S:(i9.< 
1927. 

5. Morton, C. B.: Observations on Peptic Ulcer: IV. Patch Tran-splant- of 
the Jejunum to the Stomach. .Ann. Surg. 85:879. 1927. 

6. Aschoff, Ludwig: Lectures on Pathology. Xew York. Paul B. 

1924. 
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experimental methods 

Nonnal, healthy dogs were used. All operations were done asepticaliv cad»- 
ether ^d morptoe Mesthesia. After recoven* from the opeiarion. the'aninials 
were given a ih’et oi meat, bones, bread and water. Tne nutrirional condhEor. 
remained good in most of the ananals until ulcers developed. The add solutions 
had a tendency' to decrease the animals appetite, particularly those of a hEc'ner 
concentration. Variations in the amount and frequency of the injeaion oi "add 
usually obviated this condition. 

Openings about 8 by 4 cm. were made in diSerent areas of the anterior or 
posterior walls of the stomach. Many of these cjpenings were made do.*e to the 
lesser and greater curvatures and about 4 cm. from the pyloric sphinaer. .A 
suitable length about S to 13 cm. of a freely movable part of the jejunum, widi 
its blood supply maintained, was sutured into the seleaed areas of the stomach. 
The ends oi the isolated segment were dosed bv- catgut pursestring sutures. The 
continuitv- oi the bowel was reestablished by end to end anastomosis, and in 
several by lateral anastomosis. The segment formed a part of the stomach wall 
with poudiing of the pursestringed ends into which gastric juice and food would 
gravitate. 

In three animals, after healing was complete. 0.62 per cent add barium solu- 
tion was injected; roentgenograms were then taken to determine the condition 
and position of the transplant and its effect on the emptying time of the stomach. 

Exploratory operations were performed at various times from 12 to 112 days 
after transplantation. In five of die animals acute traumatic lesions of fhe 
transplant mucosa were made in various locations. Young's damps were applied 
in one or two areas for from thirty-five to fifty minutes to produce these lesions. 
(In previous experiments” these pressures were found to produce acute pene- 
trating ulcers of the duodenum jejunum.) In a group of seven animals, five of 
which had traumatic lesions, injections of hv-drodiloric add were staned two days 
after the production of the lesion of the transplant mucosa. The injections of acid 
were given through an Ewald stomadi tube without an anesthetic for from 
twentj’-four to fiftj'-eight days. In some instances the add solution was given 
twice daily in amounts of from 300 to 225 cc. The concentrations of the solution 
were 02? 029 and 0.62 per cent. The percentages were obtained by using 
3. 3.5 and 9 cc.. respectively, of a 35 per cent hydrochloric add added to sufiident 
water to make 550 cc. (these solutions were titrated with dednormal sodium 
hydroxide and found to agree with the foregoing percentages). If the solutions 
w-ere mjected too rapidly or in quantifies of more than 225 cc. vomiting would 
occur immediately. This was especially true with the higher percentage of aad 
solution. Aspirations of the stomach from four to five hours after injecfion fr^ 
quently gave negative results except in those animals in which a retention had 

been present. 

/fcstffts.— Twentj-fonr animals with jejunal transplants were studied for a 
period of from 12 to 154 days. Several animals that developed a" 
cucception of the lateral anastomosis were not induded m the group, 
intussusception was found in four of the group, resulting in .«ome emaciation, nu. 
the transplant remained normal. 

Seventeen animals were used for control study. Chronic ulcers 
the proximal and distal ends of the transplant in two. fiftj-rour and s«tj-.-i..- 

14. Gallagher. W. J.: Acute Traumatic Ulcer of Small Intesfine. Arch. Surg. 
13:689 (Xov.) 1927. 
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Table 1. — A Scries of Jejunal Loop Transplants to Stomach 


Ex- 

peri- 

Dote of 
Opera- 

I.<ocatlon of 

Exploratory 

Interval, 

ment 

tion 

Transplant 

Operation 

Days 

Remarks 

1 

2/ri/27 

Posterior wail 
near greater 
cun'aturc 

Intestinal obstruc- 
tion at site of 
anastomosis 

131 

Normal transplant miieosn: 
dilatation of diioflenum 

2 

3/ 9/27 

Midfile of ante- 
rior trail 

Intussusception of 
intestinal anas- 
tomosis 

4S 

Transplant nonnal 

S 

4/10/27 

Posterior trull 
near lesser 
curvature 

Intussusception of 
lateral anas- 
toinosis 

E2 

Emaciation, nonnal trans- 
plant mucosa 

4 

4/10/27 

Middio of pos- 
terior trull 

^'ransplont iicnied 

12 

DIstemiier devclopeil 

5 

4/ 8/27 

Posterior troll 
near greater 
curvature 

Two chronic ulcers 
on ends of trans- 
plant l^by 1 
and 0.3 by 

0.3 cm. 

CO 

Much scar tissue at ba-e of 
distal ulcer 

G 

4/ 0/27 

Posterior troll 
near lesser 
curvature 

Xormal transplant 
mucosa 

SS 

Markcfl narrowing of end to 
ciiil annstoiiiosls: some eina- 
ciation 

7 

4/30/27 

Anterior trail, 
lesser curva- 
ture near 
pylorus 

Kormal transplant 
mucosa 

72 

Some eniaclntioii 

8 

4/22/27 

Anterior trail, 
midportion 

Chronic ulcer on’ 
distal end of 
transplant 

1 by 1 cm. 

.'ll 

Some einaclatlon present 

8 

4/23/27 

Middle of an- 
terior trail 

Normal transplant 
mucosa 

44 

DeveloiMHl distemper 

10 

4/23/27 

Anterior trail 
near greater 
curvature 

Sharp spicule of 
bone perforating 
distal end of 
transplant 

S3 

Scrosniiguinoiic exinlnle In is-rt- 
toiieni rarity; uurinal Iran-- 
Idant miirosn 

11 

•'•/ 5/27 

Anterior wall 
near lesser 
curt'oturo 

Normal transplant 
mucosa 

43 

fibstnictloii of fluudi-iiiiiii ■Ini- 
to linir ball 

13 

7/12/27 

Middle of pos- 
terior troll 

Normal mucosa 

8C 

Some emarlatlon 

1» 

7/ 2/27 

Anterior trail 
near lesser 
curvature 

Nonnal mucosa 

3G 

DevcIoiKil fll-temii'T 

» 

C/14/27 

Middle of an- 
terior trail 

Noimai mucosa 

21 

Iierelo|MNl illstemis'r 

IS 

7/IS/27 

Anterior trail 
near lesser 
curvatutc 

Normal miien<n 

22 

Heath friiin nni-tlu'-la «liir:fiK 
exiilonitfir}' iiiHTntlnii 

IG 

7/18/27 

Anterior trail 
near lesser 
rurvatiirv 

Spleule of bone imt 
forating distal 
loop transplant: 
perforation clnsfi 
by pursestring 
suture 

' 42 

.Vtilnial dl'il om- inoutli »{(•> 
explorntory iiii-riitliia; inif 
Inal iim(-o>:i 

17 

8/ 1/27 

Anterior trail 
near greater 
eurvntim* 

Normal miii-oi'a 

11 

(’iii'.diilcin poor iitt*r ii|»r.ii 
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and 0.6 by 0.3 cm., were found in one 'animal of the seven, on the proximal and 
distal ends of the transplant, on the fifty-sixth day of the injections of acid and 
the one hundred and sixteenth day after operation. The mucosa of the transplant 
of this animal between the ends was hyperemic, slightly swollen and covered with 
mucus. This transplant was located on the posterior wall about 2 cm. from the 
greater curvature, near the pylorus. Edema, some hyperemia and a few pctechiae 



contltog a fragn.«.t of bone h. ft. free «>4 

^ pees*., in .be n.ucos. of »“of.ftnS:nfrei” InfalSS 
of add were given. An transblinB of antabi tha. recei.-cd acid 

observadon in fte ston»ebs “'J J i„joo«„„ of .be 0A2 pre 

SSS‘-ftirXrT::re P.. add. a., .b. acn.. iernw. 
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days after operation. These transplants were on the posterior and anterior wall 
of the stomach near the greater curvature. The mucosa was otherwise normal in 
these as well as the remaining seventeen control c.xpcriments. Microscopically, a 
moderate amount of scar tissue was present in the healed ends of the transplant. 
There was a marked tendeiicy to pouch formation of the transplant. In a few 
of .the animals, there was a dilatation of the stomach and transplant with a 



1 . — Photograph tal>cn after fi.\atii;n of stomach in formal leh\di‘. Stoiiiaclj 
and jejunal loop greatly dilated; loop in .stomach 151 day.*: injections of (1.22 arid 
solution were made daily for 33 day.s; ulcers were not observed. 


tendency to retention. A sharp spicule of Inmc was found i)i tin* distal riiil of ih<- 
transplant in two animal.s. One of the .spicules had perforated the tra!ispl;<ii; wit!', 
a resulting serosanguinons e.xudate in the peritoneal ca\ity. .\ clir.-uic r.lrir. 
mentioned prcvioussly, was found on the end of the trans]i1ani of the othu atiou:.! 
In the gnnip in which injections of acid were made, two chronic jdc;r«. “.s ' y >>2 
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produced by clamps had completely healed leavinsr little c\*idence grossly of scar 
formation. After injection of acid for from three to four weeks, some of the 
animals developed sj’mptoms of acidosis. 

Microscopically, there was a moderate amount of cellular exudate in the 
mucosa of the transplant of the group which received injections of acid. Goblet 
cells were found in the mucosa of a few of the transplants. 

COMMENT 

Scar tissue was constantly present in the ends of the transplant.'!, in 
which chronic ulcers were found in three animals. Consequently, the 
most important etiologic factor was undoubtedly the nutritional di.*!- 



h'ig. 3. — Photomicrograph of chronic ulcer on dist.il e.Jd t»i ir.*iii>|>iaiit .‘hown in 
figure 2 ; superficial necrosis with abundant .scar tissue in base of ulcer ; X 


turbance present in these regions of the transplant, 'fhe location of the 
segment in the stomach seemed to have little inlluence on the occurrence 
of ulcer in these experiments. In thoste transplants with chronic lej-ions. 
the distal lesion was always larger titan the proximal (jne. 'I’his is 
logical, since the distal itart was more frc<iuently subjected n> imurna 
from food and perhaps the action of gastric juice. 

Several times at exploratory’ oiteraiion anti postnnuiem ex.-uninaii'ci. 


the distal end of the transplant contained fwxl. hone.-; and gastric itiirc. 
while the proximal end was usually empty. The tendency to relent’."’.. 


in this portion of the transplant was also observetl in the roetituen-ray 
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those in the control experiments, 112 days after operation and 58 days 
after the injection of 0.62 per cent hydrocliloric acid. In four animals 
of this group, edema and some hyperemia of the mucosa were noted. 

Gastric mucus was a constant observation in the stomachs and trans- 
plants of the series in which injections of acid were made. Acute 
traumatic ulcers of the transplants in six of the series with artificial 
hyperacidity healed with only slight gross changes. Nutritional dis- 
turbance of the ends of the transplants was su^ested as the prol)ab1c 
important factor to explain the presence of chronic ulcers found in these 
experiments. The gastric mucus and alkaline secretion of the intestine 
were considered an important protective influence to the mucosa against 
the irritant action of the hydrochloric acid solution injected. 

CONCLUSION 

In these experiments the attempt at artificial hyperacidity failed to 
increase the occurrence of chronic ulcer in the stomach itself, in the 
scar tissue of the transplant or in the transplant mucosa. 
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exaniinalion, when barium material was observed after the upper part 
of the transplant was empty. The tendency of the transplant to pouch 
formation protected the mucosa from the greater trauma from food 
and the action of gastric juice. It was also a factor in aiding the healing 
of acute traumatic lesions. Observations were not made on the time 
of healing of these lesions. Grossly and microscopically the healed 
lesions were not unlike those found in the duodenum and jejunum in 
previous experiments. Bolton reported a delayed healing of acute 
ulcers in the stomach following the injection of solutions of hydro- 
chloric acid. 

The constant presence of gastric mucus in the experiments with 
artificial hyperacidity was, no doubt, with the alkaline secretion of the 
intestine, a protective influence against the irritant action of the hydro- 
chloric acid. Frequently vomiting of acid solutions, especially those 
of higher concentration, also decreased the efficiency of this method of 
hyperacidity. I'he rapid emptying of the stomach of acid solution 
(Carlson,’® Steinberg,’" Olch ’" and others) still further limited the time 
of action of the acid on the transplant mucosa. The few changes 
observed (hyperemia and edema) are in part explained by these factors. 
The fact that the higher concentration of acid (0.62 per cent) did not 
produce any greater changes in the transplant mucosa than the lesser 
concentration solution (0.29 per cent) is further evidence of the pro- 
tective influence of the various factors mentioned. 

In these experiments, trauma, due to operation, and lessened blood 
supply to the ends of the transplant caused nutritional disturbances 
which determined the site of the mucosal ulceration. 

SUMMARY 

Chronic ulcers were observed on the ends of two transplants of 
seventeen animals, in which the blood supply to the loop was maintained. 
These transplants were on the posterior and anterior wall of the stomach 
near the greater curvature. The longest period of observation was 
154 days. 

An artificial hyperacidity was produced by injections of varying 
concentrations of hydrochloric acid from once to twice daily into the 
stomach in seven animals, for periods of from twenty-four to fifty-eight 
days. In one of these, two chronic ulcers were observed similar to 

15. Carlson, A. J. : Personal communication to the author. 

16. Steinberg, M. E.; Brougher, J. C., and Vidgoff, I. J. : Changes in the 
Chemistry of the Contents of the Stomadh Following Gastric Operations, Arch. 
Surg. 15:749 (Nov.) 1927. 

17. Olch, I. Y.: Duodenal Regurgitation as a Factor in Neutralization of 
Gastric Acidity, Arch. Surg. 16:125 (Jan.) 1928. 




PHYSIOLOGY OF THE LIVER AND INTESTINE 

MKTIIOD OF STUDY * 

CYRUS F. HORINE, M.D. 

IIALTIMORK 

I shall make a iircliminary report on a method for the study of 
the function of the intestine and liver, with particular reference to the 
study of the portal blood. This method is for experimental use in 
animals. 

An instruincnt or pcrniancnt cannula is used betivccn the portal vein and the 
skin of the abdominal wall. It is a gold plated cannula having two tubes. 



Fig. 1. — Instrument used in experiment. 

These tubes barelj’ allow the passage of an 18 gage record needle. Sterling silver 
tubing is used because it is impossible to plate the lumen of the tube. 

The instrument consists of two tubes (B) connecting a concave 
portion (C) which is sutured over the portal vein to a round flat plate 
(A). The round flat plate is placed beneath the skin of the abdominal 
wall. It is about the size of a half silver dollar (fig. 1). 

The operation is performed with the animal under general anesthesia. A 
half moon incision is made in the upper right quadrant. The convex surface 
of the incision points toward the midline. A longitudinal incision is made 
through the rectus muscle and peritoneum. The portal vein is exposed, and 


^ From the Department of Surgery, University of Maryland. 
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A great many dogs were killed because of infections. in the wound. 
This was overcome by placing a silver wire drain (made of twisted 
strands of silver wire) in the wound, for a period of from two to 
three days. Otherwise the dogs would develop a collection of scrum 
beneath the skin with a secondary infertion of the wounds. The 
wounds usually heal in from ten days to two weeks, and the vein may 
then be aspirated. 



Fig. S. — ^Instrument after it is sutured over the vein. 


ASPIRATION OF. THE BLOOD 

The round plate of the cannula h sraspetl beiween the thumb and 
linger. An 18 gige Ricord needle is paased thtong h the sto ";» J ^ 
surface of the plate (A): The needle should be attached to a Kero 

and iramediatelj- after it is passed mto T L blood «nl 

with the piston of the syringe. If this tetoc is ns , P 

he aspirated into the syringe on j, withdrami 

vein. After the desired quantity of blood is placrf in 

from the vein, a distance of abont one-fonrth mch, and a stylet P 


— r n I yjf i^iv CK. AKU I l}l 1 Hit 1 1 l>i t, £91 


the curved plate of the instrument (C) is sutured over the portal vein at the 
junction of the splenic vein. A curved incision is used to prevent the round 
plate of the instrument {A) from being placed beneath the scar of the incision. 
That portion (A) is therefore lateral to the incision. This can be seen in 
figure 3. 

The illustration in figure 4 shows how the instrument is sutured over the portal 
vein. Four sutures are necessary to hold the instrument in place. It is 
better to apply all sutures before tying the knots. 



Fig. 4. — Illustration showing how instrument is sutured over the portal 
vein. 

In figure 6 the instrument has been sutured over the vein. This has been 
done through the incision of the rectus muscle. The semicircular flap incision 
in the skin, and the plate (A) resting on the lower ribs should be noted. 

The plate (A) is brought through the abdominal wall by making a second 
incision along the costal margin near the lower ribs. This incision includes 
the muscles and is not made through the skin. The instrument is suspended 
on the lower ribs to prevent pressure on the vein. The wound in the rectus 
muscle and peritoneum is closed; catgut is used in the peritoneum and silk in 
the sheath of the rectus muscle. The semicircular skin incision is sutured with 
interrupted sutures of silver wire. 
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Fig. 8. — dog eighteen months after the introduction of the cannula. Blood 
may still be aspirated from the portal vein. 



Fig. 9._Close up view of the abdomen of the dog shown in figure 8. The 
arrow points to the instrument. 






Fiff. 6,— Instruincnt sutured over the win by means of incision of the rectus 
muscle. 



Fig. 7 . — Close up view of the abdomen of the dog shown in figure 3. The 
scar of the semicircular skin incision and the plate of the instrument beneath 
the skin, as indicated by the arrow, should be noted. 




TOXIC GOITER AND MENTAL DISEASE 

RELIEF OF PHYCHOSES IN THYROTOXIC PATIENTS BY THYROIDECTOMY * 
JOSEPH L. DeCOURCY, M.D. 

CINCINNATI 

It has long been recognized that disturbances of the thyroid gland 
may give rise to mental disease, but hitherto attention has been focused 
largely on ablation of the thyroid function as the principal cause of 
thyrogenic psychoses. Before thyroid extract was employed, many 
patients with myxedema were confined in insane asylums. Without 
treatment, this disease may give rise to so extreme a degree of psychic 
paralysis that institutional care becomes necessary. Memory is lost, 
power of volition disappears, and the patient becomes completely indif- 
ferent to his surroundings. In cretinism, a somewhat similar train of 
mental symptoms follows. 

The relation between toxic goiter and mental alienation is less gen- 
erally admitted, yet I have made some observations that have led me to 
believe that under certain circumstances thyrotoxicosis may be the 
exciting, or at least a strong contributory, cause of serious mental dis- 
ease, and that in such cases, particularly when the psychosis is not far 
advanced, operation may offer a good prospect of mental recovery. 
During the past five years I have performed thyroidectomy on fourteen 
frankly insane patients with toxic goiter; all but two recovered suf- 
ficiently to resume their former occupations. 

LITERATURE 

In 1908, Berkley and Follis ^ reported a study of a series of cases 
of the catatonic form of dementia praecox, in which they found a definite 
resemblance between symptoms of exophthalmic goiter and those of 
catatonia: chiefly, rapid pulse, muscular tremor, hyperhidrosis, over- 
active eye and other reflexes, rapid loss of weight, disturbance of the 
menses and vasomotor pareses. They observed that the psychic changes 
in the prodromal stage of catatonia also resemble those seen in exoph- 
thalmic goiter. In most of their cases of catatonia, the thyroid gland 
was found to be soft and mushy with occasional hard nodules. Usually 
it was not enlarged. Experiments showed that the administration of 
iodine, thyroid extract or desiccated thyroid woke the patients out of 

* From the Department of Surgery, DeCourcy Clinic. 

1. Berkley, H. J.. and Follis, R.: An Investigation into the Merits of 
Thyroidectomy and Thyro-Ledthin in the Treatment of Catatonia, Am. -'ico.- 
Psj'chol. Assoc. 15:283, 1908. 
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the needle. This controls hemorrhage from the punctured wound of the vein. 
The needle is allowed to remain in this position for a few minutes and then may 
be withdrawn. 

Several points should be empliasized in the application of this 
method besides those already mentioned. Cannulas of various sizes 
should be made that may be applicable to dogs of different sizes. It 
would be difficult to use an adjustable instrument. The instrument 
should be of sufficient length so tliat there will be neither pressure nor 
too much tension on the vein. The portal vein in the dog is freel}' 
movable, and too much tension by suspension of the instrument on the 
rib as already described is not likely to occur. If the needle is intro- 
duced as described and a stylet placed in the needle after aspirating the 
blood, hemorrhage will not occur. It is true that the use of a snrall 
needle may give rise to some difficulty by the formation of a clot in the 
needle. If this should occur, the needle may be withdrawn and cleansed 
or another needle may be used. It is possible tliat the needle may pass 
through the portal vein and enter the inferior vena cava. I am now 
using another separate plate directly over the vena cava, like the plate 
(C) of the instrument. This plate makes it impossible for the 
aspirating needle to penetrate the vena cava. 

The method has been used successfully in ten dogs. Unlimited 
aspirations may be made. Figures S and 9 show a dog that lias retained 
the instrument for eighteen months. The portal vein in this dog has 
been aspirated more than fifty times. The dog apparently is normal 
and has gained weight since the introduction of the cannula. In three 
of the dogs, the round plate of the cannula ulcerated through the skin 
in from six to eight months after the introduction of the cannula. 

The cannula may be used in the study of absorption from the intes- 
tinal tract, in tests on the function of the liver and in tlie study of the 
I'arious dyes in tests on the function of the liver by the introduction of 
these dyes directly into the portal vein. 
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thyroid gland compatible with the assumption of a thyroid origin of the 
mental disease. Mprse,^ on the contrary, failed to find any uniform 
lesions in the thyroid gland in a series of twenty-seven postmortem 
examinations on patients with dementia praecox. 

In 1910, Winslow® reviewed the results obtained by Berkley and 
Follis and by Kanavel and reported five additional cases of dementia 
praecox in which partial thyroida:tomy was performed. One of these 
patients died with acute thyroidism; two were greatly improved for a 
considerable period and then relapsed; one was not materially benefited; 
and one was improved, but could not be kept under observation. From 
these cases and the results reported by others, Winslow concluded that 
there seems to be some connection between the thyroid gland and 
catatonia; that partial thyroidectomy in the early stages of this disease 
has a favorable, and sometimes a curative, effect; but that, in the late 
stages, the operation does not have any beneficial results. 

In 1922, Weinberg® reported eight cases of mental disease with 
symptoms of hyperthyroidism and somewhat enlarged thyroid glands, 
but not the typical S}rmptoms of exophthalmic goiter. Two of the 
patients had the manic-depressive type of psychosis; three, dementia 
praecox. Thyroidectomy was performed in three cases of this series, 
including one of the manic-depressive and one of the dementia praecox 
type, and resulted in complete relief from the mental symptoms. 

In 1922, Eastman and Eastman ^ stated : 


Since all the clinical symptoms of Graves’ disease are largely of nervous 
origin and all are emotional, many cases exhibiting rather definite forms of 
nervous and mental disease as mania, chorea, hysteria, etc., it is not at all surpris- 
ing that the rather definite clinical syndrome of dementia precox appears occa- 
sionally in connection with thyrotoxicosis. 

They reported that at the Central Insane Hospital at Indianapolis, 
101 consecutive patients witli dementia praecox of all types were exam- 
ined for signs of endocrine imbalance, and especially for thyroid hyper- 
trophy. Of twenty-seven male patients, eleven, or 40 per cent, showed 
some degree of thyroid enlargement. Two of these patients had large 
goiters; six, a conspicuous enlargement of the gland; three, moderate 
hypertrophy of one or both lobes. Of seventy-four female patients, 
forty-eight, or 64 per cent, showed some thyroid hypertrophy. Eighteen 


4. Morse, M. E.: Pathologic Anatomy of Ductless Glands in Dementia 

Praecpx, J. Neurol. & Psychopath. 4:1, 1923. ^ t a \r A 

5. Winslow, R.: Partial Thyroidectomy in Dementia Praecox, J. A. - . 


55:1195 (Oct. 1) 1910. 

6. Weinberg, H. M.: 


Mental Side of Hyperthyroidism, Penn. M. J. 25:618, 


^^7. Eastman, J. R.. and Eastman, N.: Thyroid Surgery and Dementia Praecox 
Syndrome, Ann. Surg. 76:438, 1922. 
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their stupor, so that they became talkative and excited and exliibited 
increased dennographia and hyperliidrosis, higher pulse rate and 
increased tendon reflexes. 

A transitory amelioration of the mental symptoms has frequently 
been observed in cases of dementia praa:ox following thyroid medication, 
but lasting benefit has rarely been reported. Wagner-Jauregg,® how- 
ever, noted a favorable influence from treatment with thyroid in some 
early cases of the hebephrenic type. 

Berkele}' and Follis performed partial ablation of the thyroid gland 
in ten cases of catatonia. Four of the patients recovered their mental 
equilibrium after operation; three improved slowly but progressively 
without a tendency to relapse. In one of these cases, the pathologic 
appearance of the thyroid gland was suggestive of exophthalmic goiter. 
The fourth patient improved rapidly for a time, but relapsed for a few 
months, during which period the remaining half of the thyroid gland 
increased in size. When this goiter again decreased in size, the mental 
condition became normal and remained so. In this case, no pathologic 
condition other than colloid goiter was found in the portion of the gland 
that was removed. In another case, there was less improvement but 
mental deterioration was more advanced, and only a small portion of 
the gland was removed. In four cases, there was slight fibrosis. Two 
of the patients were cured by the operation. 

Kanavel ® reported the results of thyroidectomy in eleven cases of 
dementia praecox, eight of them of the catatonic type. All but two 
represented cases of from two to ten yrars’ duration. Improvement in 
the mental condition was not noted after operation. Of the two recent 
cases of less than one year’s duration, one occurred in a patient who had 
been operated on too recently to judge of the result.' The other patient 
showed definite improvement, but not complete cure. Another case, 
not included in this series, was noted, in which the thyroid gland was 
removed because of symptoms of pressure due to enlargement. The 
operation resulted in marked mental improvement, so that the patient 
was discharged from institutional care and returned to work. In the 
eleven cases, ten of the thyroid glands removed were examined patho- 
logically. Only two showed excessive parenchymatous growth; six 
showed colloid changes. Kanavel noted, however, that colloid glands 
may result from a degenerative cliange, and this observation does not 
absolutely exclude the assumption of a previously perverted excessive 
thyroidism. Eight of ten patients in this series showed changes in the 

2. Wagner-Jauregg : Organotherapie bei Neurosen und Psychosen, Wien, 
klin. Wchnschr. 36 ;1, 1925. 

3. Kanavel, A. B. : The Advisability of Thyroidectomy in Catatonic Dementia 
Praecox, Illinois M. J. 16:253, 1909. 
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sexes, goiter was most frequently associated with manic-depressive psy- 
chosis and dementia praecox. The goiters were chiefly of the adeno- 
matous type ; a few, of the colloid type. There were no goiters of the 
hyperplastic type, and evidence of hyperthyroidism was not present in 
any case. In a few cases the thyroid was removed, but without effect 
on the psychosis. In all instances, typical , adenomatous changes were 
found in the removed gland. There were no cases of definite hyper- 
thyroidism. In a study of 800 patients with goiter in a general hospital 
in the same locality, Foss and Jackson did not find any cases of true 
insanity. Only two patients showed mild excitement or slight and 
transient mania. Foss and Jackson, therefore, did not see any definite 
relationship between goiter and insanity, but they admit that thyroid- 
ectomy should be performed when there is evidence of hyperthyroidism 
in a person with a psychosis. 

In 1923, Weiss reported seven cases of psychoneurosis with 
anxiety states associated with definite symptoms of hyperthyroidism; 
that is, tachycardia tremor, glittering eyes and moist hands. Partial 
th 3 rroidectomy in two cases, and roentgen-ray treatment of the thyroid 
gland in one case, failed to relieve the patient from the psychosis. Weiss 
believed that the thjTotoxicosis in these cases was not directly respon- 
sible for the mental symptoms, but that the two developed concomitantly, 
both as symptoms of an abnormal degenerative constitution, most prob- 
ably with disturbance of the vegetative nervous system. 

Studies of basal metabolism in dementia praecox indicate that a 
lowered rate is more frequent than high basal metabolism, which is 
characteristic of hyperthyroidism. In 1925, in a study of the basal 
metabolism in 161 cases of mental diseases of various types, Bowman 
and Fry found that of twenty-four patients with dementia praecox. 
eighteen showed minus readings, which Were abnormally low in seven 
instances. The manic-depressive group showed a tendency toward low 
readings in the depressive and hyporaanic stages, but this was not so 
marked as in the cases of dementia praecox. In a review of the litera- 
ture on basal metabolism in dementia praecox. Bowman and Fry found 
125 cases (including their 24 cases). The basal metabolism was high in 
only eleven of the cases; in fifty-two, it was low, and in fift\-tN\o, 
normal 

In 1921 and 1922, Lewis and Davies ” reported a study of twenty- 
two cases of dementia praecox in which the thyroid feeding test ^^as 


11. Weiss, R. F.: Psychoneurotische Storungcn bei HjTcrthyroidisnius, 
Ztschr. f. klin. Med. 97:366, 1923. 

12. Bowman, K. M.. and Fiy, C C: Basal Metabolism in Mental Discas . 

Arch. Neurol. & Psychiat. 14:819 (Dec.) 1923. c. . nf Fndocrinc 

13. UA N. D. C. and Davies, G. E.: iTu 

Imbalance and Mental Diseases. J. Serv. & Ment. Dis. SdsSSs. 493, - . 

1922. 
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of these had actual goiters, nine of whicli were apparently cystic. In 
both male and female patients, however, “the cardinal symptoms of 
thyrotoxicosis, except goiter, were notably absent.” Eastman and East- 
man reported four cases, all in females with the paranoid lype of 
dementia praecox, in which one lobe of llie thyroid or one lobe with the 
isthmus was enlarged. Two of the patients showed slight exophthalmos; 
the other two did not show any ocular signs of exophthalmic goiter. 
There were no frank symptoms of thyrotoxicosis, but all patients 
showed accelerated pulse rate and some tremor of the fingers. A hemi- 
thyroidectomy was performed in the four cases and in all the psychosis 
was entirely relieved, the patients returning to their usual occupations. 

In 1924, Jackson ® reported a psycliosis in a woman, aged 53, who 
had typical symptoms of exophthalmic goiter, although exophthalmos 
was slight. The thyroid gland was symmetrically enlarged to a slight 
degree. It felt firm and fibrous, being a typical hyperplastic gland. The 
right superior thyroid artery was first ligated. This operation resulted 
in a severe reaction with exacerbation of all the symptoms. Ligation 
of the left superior thyroid artery, however, resulted in marked improve- 
ment. Later, two thirds of the right lobe and istlimus were resected. 
Two weeks after this operation the basal metabolic rate fell to normal, 
and the patient was mentally normal. 

In 1926, Boys “ stated that in his series of cases of toxic goiter he 
found that about 2 per cent show mental symptoms so severe that they 
may be called definite ps 3 'choses. He reported eight cases in which there 
were well developed mental symptoms and goiter. In six of these cases, 
removal of the thyroid gland resulted in complete recovery. The 
thyroid glands were grossly or microscopically hyperplastic, and the 
symptoms of hyperthyroidism had preceded the development of the psy- 
chosis. In one case there was an adenomatous goiter without hyper- 
plasia, and in another, a simple colloid goiter. In neither of the cases 
were the mental symptoms improved by operation, nor had the s)rmp- 
toms of goiter preceded the development of the psychosis. One of the 
patients relieved by thyroidectomy was affected with the manic-depres- 
sive type of psychosis. 

In 1924, Foss and Jackson reported an incidence of 59 
cases of goiter among 1,647 patients at the State Hospital in Danville, 
Pa. As this institution is in a goiter belt, this is not a high incidence of 
goiter. Forty-nine of the goiters were in women ; ten in men. In both 

8. Jackson, A. S. : Value of Ligation in Psychosis of Exophthalmic Goiter, 
Wisconsin M. J. 22:426, 1924. 

9. Boys, C. E.: Psychoses Assodated with Goitre, J. Michigan M. Soc. 25: 
653, 1926. 

10. Foss, H. L., and Jackson, J. A.: Relationship of Goiter to Mental Dis- 
orders, Am. J. M. Sc. 167:724, 1924. 
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sanitarium in one of the suburbs, where she remained for a month. There was 
great physical improvement during this period; the weight increased and the nuhc 
rate came down to normal. * 

She was then taken to her sister's home in Cincinnati, and immediately her 
mmtal condition began to become clear. Three months after the operation, her 
mind appeared entirely normal. The following month, she took a motor trip East 
by herself without suffering any mishap. She has been under observation for a 
year since that time and is now entirely well. Judging by her present condition, 
there is eveiy reason to believe that she will remain so. * 

It would seem that in this case the mental disturbance belonged to the group of 
exhaustion psychoses. Apparently thyroidectomy, by removing the source of 
toxemia, was the essential factor in restoring mental balance. 

Case 2.— A white woman, aged 30, married, exhibited a mental disturbance 
characterized by a marked paranoid trend. For four years she had noticed a 
fulness in her neck. During the past year this growth had increased in size 
and she had become emotional and irritable. Since the birth of her last child 
fourteen months previously, she had lost 20 pounds (9 Kg.) 

During the last three months the nervous symptoms had increased perceptibly, 
and her husband reported that at times her conduct was unusual. On one occasion 
she left home and was found late at night wandering in a nearby wood. She 
had loose, poorly organized delusions of persecution, such as are commonly 
observed in the paranoid type of dementia praecox. • She believed that everybody 
was against her and feared that her husband was trying to kill her with poison. 
For this reason she refused to take medicine. The family history was negative 
with regard to mental disease and goiter. 

On examination the patient appeared well developed but considerably below 
normal weight. She looked excited and apprehensive. Her appearance was typical 
of thyrotoxicosis. Her temperature was 99 F.; her pulse rate, from 130 to 140. 
The thyroid gland was about three times the normal size and of the consistency of 
a hyperplastic goiter. 

After the usual preparation with a compound solution of iodine, thyroidectomy 
was performed. After one week she was taken home. Phyrsical improvement was 
marked, but the mental derangement became worse. After about three months of 
treatment, however, during which time she ran away from home twice and fre- 
quently became so excited that hypnotics were required, she began to improw 
slowly. This improvement continued over a period of a year, at the end of which 
her mental status seemed normal. Eighteen months after <peration, she was 
entirely Well and her mental condition was clear. 

The mental disturbance at the onset of the illness would suggest dementia 
praecox. In two other cases this diagnosis had actually been made and a poor 
prognosis given; yet both patients recovered completely after thyroidectomy. 

SUMMARY 

With the exception of the thyrogenic psychoses occasionally asso- 
ciated with myxedema and cretinism, it is generally held that a direct 
relationship does not exist between the thyroid gland and mental dis- 
ease. Careful examination of the thyroid gland in cases of dementia 
praecox and other psychoses has failed to reveal any consistent anatomic 

changes. 
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performed. Evidence of hyperthyroidism was found in four cases. One 
of the patients showed definite symptoms of exophthalmic goiter. Thy- 
roidectomy was performed in this case; but a change in the mental condi- 
tion did not result, although physical S3miptoms were relieved. Two 
of the other patients with hyperthyroidism were fed with suprarenal 
gland; one, with suprarenal and pituitary gland. One of the patients 
showed marked improvement with re^^rd to mental symptoms and was 
discharged as recovered. In twelve cases of this series there was definite 
evidence of hypothyroidism. The thyroid feeding test was found to be 
of definite value in distinguishing between cases of hyperthyroidism and 
hypothyroidism . 

RESULTS 

During the past five years, I have operated on fourteen mentally 
unbalanced patients with toxic goiter. The mental symptoms were 
extremely pronounced in the majority of cases, yet all but two patients 
recovered completely and were able to resume their former occupations. 
They have remained clear mentally to date. 

In two instances, both in young persons, a diagnosis of dementia 
praecox was made and a poor prognosis given; yet both patients 
recovered. In all but one case, the derangement occurred in persons 
suffering from the exophthalmic type of goiter. The exception was a 
case of the toxic adenomatous type, also with evidence of hyperplasia. 

The period during which mental recovery took place varied from 
several months to a year. Two patients with dementia were not improved 
by operation ; one died in an asylum, the other is still an inmate. In one 
case, a psychosis developed on the eighth day following removal of an 
extremely toxic goiter, and this patient is still in a sanitarium. 

REPORT OF CASES 

Case 1.— A white woman, aged 35, single, was first seen at the Connecticut 
State Insane Asylum, Middletown, Conn., when she was in a highly excited state 
and could not orient herself as to time or place. During the preceding six months, 
she had lost 40 pounds (18.1 Kg.). 

Examination revealed an enlarged thyroid gland, of the consistency f6und in 
hyperplastic goiter, with an adenoma about the size of an egg overlying the right 
lobe. Tremor was pronounced. The pulse rate varied between 140 and 160 
and was weak. 

The patient was removed to the Good Samaritan Hospital, Cincinnati, being 
accompanied on the trip by her sister and a nurse. During the journey she made 
several attempts to leave the train and was continually muttering unintelligibly. 
While in the hospital at Cincinnati, she tried several times to eat her own feces. 

With rest and the administration of a compound solution of iodine she began 
to improve physically, but her mental condition remained the same. Two weeks 
after her arrival, thyroidectomy was performed. The reaction was slight and the 
postoperative course uneventful. Following operation, she was removed to a 



VITAL CAPACITY 

ITS SIGNIFICANCE IN RELATION TO POSTOPERATIVE 
PULMONARY COMPLICATIONS * 

• JOHN H. POWERS, M.D. 

BOSTON 

Determinations of vital capacity, heretofore utilized chiefly by 
physiologists or restricted to the study of serious cardiac or puimonary 
disabilities, are now finding a wider application. The ease with which 
this accurate information is accumulated has greatly facilitated the 
dissemination of its practical value. 

The determination of the vital capacity of any given patient is 
clearly one method of appraising the condition present. Any disorder 
which affects the cardiovascular or respiratory systems reduces the 
vital capacity. Such determinations may be of use not only in the 
diagnosis of these cardiorespiratory afflictions, but they also may be 
of assistance in determining the fitness of any given person. This 
may be utilized in surgical procedures to appraise the ability of a 
patient to withstand an operation. Since so many operations of today 
are those of election, the acquisition of this information seems desirable. 
Accurate knowledge of pulmonary and cardiac reserve energy might 
prove to be of inestimable value in deciding on the operability of 
patients before subjecting them to prolonged procedures. It would seem 
especially applicable to elderly or debilitated patients and to those whose 
past history reveals evidence of previous cardiac or pulmonary pathologic 
conditions. Already articles have appeared relative to the effect of 
certain surgical conditions and different types of operative incisions on 
the vital capacity. These latter studies are of great importance since 
they give a rough estimate of the reduction that follows certain incisions, 
the position of which interferes with free respiration. Such studies 
create normal base lines below which further reductions have a deeper 
significance. 

The startling increase in the number of postoperative pulmonary 
complications during the past two decades points to the importance of 
making accurate observations during the convalescent period. Pfannen- 
stiel,^ in 1903, and Otte,= in 1907, reported large series of cases in 
which postoperative pulmonary complications were not observed, a 

*From the Surgical Clinic of the Lakeside Hospital, Cleveland. 

1. Pfannenstiel, J.: Ueber die Vorzuge der Athemarkose, Zcntralbl. f. 

Gynafc. 1:8, 1903. ti, n, 

2. Otte, A.: Ueber die postoperativen Lungenkomplikationen und ihrom- 
bosen nach Aethernarkosen, Munchen. med. Wchnschr. 54:2473, 1907. 
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However, toxic goiter is sometimes observed in association with 
serious mental diseases, and experience has proved that in such cases, 
not only the physical condition, but the psychosis as well, may be 
benefited materially by tliyroidectomy. When the mental disturbance is 
of recent onset and the thyrotoxic manifestations are severe, a fair 
prospect of mental recovery may be offered following thyroidectomy. 

My experience in the treatment for combined toxic goiter and mental 
alienation comprises fourteen cases, in which I performed thyroidectomy 
during the past five years. Although tlie mental symptoms were 
extremely pronounced in the majority of these cases, all but two of the 
patients recovered mentally and were able to resume their former occu- 
pations, remaining normal to date. In two of the cases, the diagnosis 
of dementia praecox had been made and a poor prognosis given, yet both 
patients recovered. In all but one instance, the goiter was of the exoph- 
thalmic type; the exception was a toxic adenomatous goiter with evidence 
of hyperplasia. When thyroidectomy is performed on patients with 
psychoses, preoperative rest, medication with a compound solution of 
iodine and the most perfect operative technic are perhaps even more 
important than in patients with normal mentalitj'. 
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• ARCHIVES OF SURGERY 

dence of a pathologic process in the diest could well have escaoed 
recognition. 

Even such an extensive lesion as massive atelectasis of one lung 
passed unrecognized for many years by physicians and surgeons alike. 
The condition was first described by Pasteur “ in 1908, but the first 
cases of postoperative collapse to be reported in the American literature 
did not appear imtil 1921.^= 

These studies on the vital capacity of surgical patients were under- 
taken with the hope of establishing a means of detecting transient, 
minor postoperative upsets and corroborating the diagnosis of gross 
pulmonary complications. 

METHOD 

Dr. Francis Peabody stated : 


"The vital capacity of the lungs consists of the volume of the deepest possible 
expiration after the greatest possible inspiration. A certain amount of air, 
known as the residual air, remains in the lungs after complete expiration but 
the vital capacity represents the degree of movability of the lungs and any- 
thing which interferes with the movement of the lungs, preventing the entrance 
of the air into them, causes a decrease in the vital capacity.” 

Any acute process in the abdomen producing reflex spasm of the abdominal 
musculature involves the accessory muscles of respiration and hence inhibits 
respiratory excursion. Likewise, any operative procedure attended subse- 
quently by splinting of the abdomen has a direct influence on the vital capacity. 
Consequently, it was necessary first to establish normal curves in order to 
determine the reduction in vital capacity following the various types of 
operative procedures in uncomplicated cases. 

All the male patients admitted fo the surgical service of the Lakeside Hospital 
were studied during a period of several months. At first the female patients were 
included, but the men were found to be more cooperative and the results accord- 
ingly more satisfactory. All the patients were encouraged to exert themselves to 
the utmost in spite of pain, and a friendly spirit of rivalry was stimulated in the 
ward, each man trying to "blow harder" than his neighbor in the next bed. 
Whenever it was felt that a patient was not cooperating fully, his observations 


were discarded. 

The Collins Vital Capacity Spirometer was used. It consists of a delicately 
compensated bell floating in a cylinder of water. The most essential feature 
of the apparatus is the direct reading dial which is graduated to tenths of 
liters. Fractions of these graduations may be estimated in tenths also. ^ 
the bell rises with expiration, a movable -pointer passes over the face of the 
dial, stops at the highest point and remains in that position. A second pointer 
is connected with the dial which is of value if the patient tends to inspire from 
the spirometer just before expiring into it. In such a case, the bell ^ 
raised and the pointers adjusted so that both are at the 1 liter mark. If c 


11. Pasteur, W.: Massive Collapse of the Lung, Lancet 2:1351, 1908. 

12. Scrimger, F. A. C.: Postoperative Massive Collapse of the Lung, Surg. 

Gynec. Obst. 32:486, 1921. , . 

13. Peabody, F. W.: The Clinical Importance of the Vital Capacity of 

Lungs, Northwest Med. 22:307, 1923. 
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remarkable and praiseworthy record. In the light of present knowl- 
edge, however, it is possible that a reexamination of the individual 
case reports might reveal minor symptoms indicative of transient pul- 
monary complications. 

In 1906, Armstrong " reported a pulmonary morbidity of 2.12 per 
cent in 2,500 cases at the Montreal General Hospital. In 1908. von 
Lichtenberg collected 23,673 cases with a pulmonary morbidity of 
1.9 per cent. The same year, Ranzi ^ published 263 pulmonary compli- 
cations from 6,871 operations in von Eiselberg’s Clinic at Vienna, 
a morbidity of 3.8 per cent. Beckman ® reported the pulmonary compli- 
cations at the Mayo Clinic in 1910, 1912 and 1913. When his figures 
are amended to include pulmonary embolism, they reveal morbidities 
of 1.12 per cent, 1.57 per cent and 1.27 per cent, respectively. Cutler 
and Morton ‘ found 1 .86 per cent of cases in 3,490 operations at the 
Massachusetts General Hospital in 1917. One year later, McKesson ® 
computed 3.03 per cent of pulmonary complications from the combined 
statistics of 39,438 operations. In 1920, Cutler and Hunt ® reported a 
pulmonary morbidity of 3.52 per cent in 1,562 patients operated on at 
the Peter Bent Brigham Hospital, and the following year,^“ 3.92 per 
cent in 1,604 cases at the same hospital. 

It seems probable that a more careful analysis of all these statistics 
would reveal not actually a greater number of postoperative compli- 
cations during recent 3 ’ears, but a more astute recognition and correct 
interpretation of symptoms which heretofore have passed unnoticed. 
A slight unexplained fever, a transient ppugh with or without thoracic 
pain, a few flecks of blood-tinged sputum without gross clinical evi- 

3. Armstrong, G. E. : Lung Complications After Operations with Anes- 
thesia, Brit. M. J. 1:1141, 1906. 

4. Von Lichtenberg, A.: Die postoperativcn Lungenkomplikationen, Cen- 
tralbl. f. d. Grenzgeb. d. Med. u. Ciiir. 11:129, 1908. 

5. Ranzi, E.: Ucber postoperative Lungencomplicationen emboHscher 
Natur, Arch. f. klin. Chir. 87:380, 1908. 

6. Beckman, E. H.: Pulmonary and Circulatory Complications Following 
Surgical Operations, Collected Papers Mayo Clinic, Philadelphia, W. B. 
Saunders Company, 1910, pp. 594-599; Complications Following Surgical 
Operations, ibid., 1912, pp. 738-745 ; Complications Following Surgical Opera- 
tions, ibid., 1913, pp. 776-788. 

7. Cutler, E. C., and Morton, J. J.: Postoperative Pulmonary Complica- 
tions, Surg. Gynec. Obst. 25:621, 1917. 

8. McKesson, E. I.: Some Observations on Postoperative Lung Complica- 
tions, Am. J. S. (Anes. Supp.) 32:16, 1918. 

9. Cutler, E. C., and Hunt, A. M.: Postoperative Pulmonary Complications, 
Arch. Surg. 1:114 (July) 1920. 

10. Cutler, E. C., and Hunt, A. M.: Postoperative Pulmonary Complica- 
tions, Arch. Int. Med. 29:449 (April) 1922. 
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Chart 4 represents the average vital capacity and temperature of 
live patients who ^vere subjected to upper abdominal operations. 
Table 4 presents the dafly readings in detail. The third patient in the 
series had a perforated gastric ulcer. On admission, there was marked 
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Chart 1. — Composite curve showing the vital capacity of eight patients who 
were operated on for bilateral in^inal hernia. 



Chart 2 .-Curva aho».ing tha vital capacity and S' 

plicated cases in which operation for unilateral inguinal hernia P 


soasm of tht whole abdomen and liketviae a striking 
XrcafleSv. ce. compared with 5,420 ce. on the fifteenth post 

Operative day. 
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patient inspires from the apparatus before expiring, one pointer moves toward 
the zero mark until inspiration ceases. The other moves in a clockwise 
direction with expiration. In this case, the difference between the two 
pointers represents the vital capacity of the lungs. The calibration of the 
apparatus is exact and the breathing tube is sufficiently large to prevent 
resistance to expiration. 

A nose clip was not used; the patient was instructed to close his nose by 
g^entle pressure of the thumb and linger. Whenever leakage occurred, it 
could be easily detected by fogging on the polished metal surface of the 
mouthpiece. 

All observations were made with the patiepts in the recumbent position and 
are accordingly slightly lower than the average recorded for patients of equal 
height and weight in the erect posture.” They were also taken at least two 
hours after a meal in order to obviate the possible inhibitory effect of abdominal 
distention. 

The vital capacity was taken on admission and daily throughout the post- 
operative convalescent period, until a high level was reached or the patient 
discharged. 

The highest of three to five observations was chosen as the most accurate. 
A record was kept of the operative procedure, the type and the duration of the 
anesthethic. There were no untoward wound results, even in patients with 
several drains in the abdomen. Clean wounds healed firmly by primary union 
as usual. A careful clinical record was kept throughout the patient’s sojourn 
in the hospital and correlated with the vital capacity each day. As an index 
of the patient’s general condition the temperature curve has been plotted 
beneath the vital capacity. 

OBSERVATIONS ON NORMAL PATIENTS 

All the similar types of cases have been grouped together. The 
preoperative level in each has been arbitrarily regarded as 100 per cent 
and the daily reductions calculated in percentages of this figure. 

Chart 1 represents the composite curve of eight uncomplicated 
operations for bilateral inguinal hernia. Table 1 gives the daily read- 
ings for each patient in detail with the average and percentage calcu- 
lated below. 

Chart 2 is a record of the vital capacity and temperature in eight 
uncomplicated operations for unilateral inguinal hernia. Table 2 is a 
detailed representation of the daily readings for each patient with the 
average and percentage calculated below. 

Chart 3 and table 3 are representative of eight patients operated 
on through a McBurney incision for acute appendicitis. The higher 
readings during the latter days of the convalescence indicate a diminished 
vital capacity on admission. This was undoubtedly caused by the 
limitation of respiratory excursion incidental to an acute process in the 
abdomen. 

14. Christie, C. D., and Beams, A. J.: The Estimation of Normal Vital 
Capacity, Arch. Int. Med. S0i34 (July) 1922. 



310 • 


ARCHIVES OF SURGERY 


of fingers and- toes, incision and. drainage of osteomyelitis 
drainage and arthrodesis of joints. . 


incision, 


Some interesting results were obtained in patients subjected to 
thyroidectomy. Chart 9 shows an immediate and striking reduction in 


Pays after operation 



Chart 3. — ^Vital capacity of eight patients on whom appendicectomy was 
performed (McBnrney). 


Days after operation. 



Chart 4. — ^Average vital capacity and temperature of five patients who were 
subjected to operation on the upper part of the abdomen. 

vital capacity followed by a rapid recovery. Table 8 is a detailed 

analysis of each case. . 

Other operations on the neck have only a slight effect on the m a 
capacity. This lies within the limits of normal daily variation and 





POWERS— VITAL CAPACITY 


309 


There was only one uncomplicated operation involving a midline 
incision in the lower part of the abdomen. Resection of the bladder 
and transplantation of the ureters into the rectum were performed for 
carcinoma of the bladder. This curve is presented in chart 5. 

Seven patients were operated on for hydrocele. A slight reduction in 
the vital capacity occurred during the first few days after operation, in 
spite of the fact that the aponeurosis of the external oblique was not 


Table 1. — Vital Capacity of Patients Operated On for Bilateral Inguinal 
Hernia Given in Cubic Centimeters 


On 

Admis- 

sion 






Days After Operation 






1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

3,SG0 

2350 

2,600 

2,030 

2,090 

sjm 

8,230 

8,130 

3,000 

3,230 

3,800 

3,300 

3,700 

3,660 

3A10 

3,700 


1,720 

2,200 

2380 

2,310 

4,200 

2,630 

4,320 

2,720 

4,430 

2,000 

8,020 

8,130 

511 M 
§1 

8A00 

3,300 

3A30 


2;440 

2,700 

3,8)0 

3,900 

4,430 

4300 

4,130 

%90O 

4,500 

4,S30 

2,850 

1,000 

1,0S0 

3,100 

2,800 

2A30 

2,000 

2,730 

2,740 

2,729 

2SD0 

2A10 

2,920 

2,980 

2S80 


1,000 

1,000 

1,320 

1,740 

1,800 

2,120 

2,700 

2,680 

2,990 

8,090 

3;180 

8,400 

3,300 

31300 

3,300 

1,000 

1,700 

1310 

2,000 

2,720 

2,800 

3,100 

31300 

3,730 

8,330 

8,600 

3,600 

3,910 

sjeao 

1,700 

1,820 

2,140 

2,310 

2310 

2,790 

3,120 

3,200 

8,330 

3,380 

8,880 

3,300 

3,510 

3/ao 


1 ,^ 

2,050 

8300 

3,700 

3S10 

4,010 

4,000 

4,300 

4,100 

4,430 

4,600 

4,600 

4,760 

4,730 
















3,761 

1,693 

2,141 

2,323 

2fi03 

2,921 

3,077 

3,167 

3^ 

33)8 

3,629 

3,006 

3,627 

8,734 

3,816 

100% 

43% 

37% 

07% 

74% 

77% 

81% 

81% 

m, 

03% 

90% 

93% 

06% 

99% 

102% 


Table 2. — Unilateral Ingimuil Hernia 


On 

Admis- 

sion 





Days Alter Operation 





r‘“ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

3,800 

1,740 

1,9S0 

230 

230 

3,190 

3,360 

3,420 

8,680 

3,000 

3,830 

3,900 

34)10 

8,900 

3^ 

8A00 

3,310 

3410 

3,610 

3,900 

8,930 

4,110 

4,190 

4470 

4400 

4400 

3,690 

2,(60 

2,800 

2,710 

8,070 

3,220 

330 

8;300 

8,600 

3,000 

3,no 

8,770 

3^ 

3;^ 

1,890 

2,740 

230 

330 

3,140 

8,430 

3470 

3,670 

3;tdo 

8,730 

3,760 

3,’m 

3,000 

1,700 

2,130 

2,360 

2,610 

2,710 

2,900 

8,000 

2,900 

3400 

3^ 

3,800 

3fi30 

5,300 

2,810 

3,320 

3,829 

3,no 

8,700 

4,060 

4,300 

4,790 

4,000 

5,220 

5400 

5,190 

3SOO 

2,500 

2,800 

3,300 

8,^ 

2S20 

330 

3400 

8,480 

3400 

3,890 

8A70 

3,890 

%9S0 

1310 

2,040 

2,400 

%400 

230 

2,430 

8,060 

3,200 

8,620 

3,8^ 

3)m 

34)00 

8,S0 

1,630 

1,820 

2400 

2,380 

2400 

230 

3,160 

3,120 

3429 

3,800 

8400 

3,400 

3,808 

2,188 

2,305 

2,760 

3,000 

3,000 

3,319 

84S> 

3,630 

3,791 

3,902 

34)21 

3,991 

100 % 

67% 

63% 

72% 

78% 

81% 

87% 

91% 

95% 

09% 

102 % 

103% 

101 % 


incised. Curves are represented in chart 6 and daily readings are given 
in detail in table 5. 

Rectal operations, including hemorrhoidectomies, excision of fistulas, 
incision and drainage of ischiorectal abscesses, do not produce any 
postoperative reduction in vital capacity. Chart 7 is a composite cur\'e 
of the vital capacity and temperature of eight patients. Table 6 pre- 
sents the daily observations in detail. 

Operations on the extremities likewise do not have any appreciable 
effect on the vital capacity other than that which can be explained on 
the basis of daily variation; (cliart 8, table 7). Fifteen patients were 
studied. The operations include excision of varicose veins, amputations 




Chart S. — ^Vital capacity of one patient following resection of the bladder and 
transplantation of the ureters. 


Days after operation 

Ai t2.34567 
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probably has no bearing on the operative procedure. The four cases 
include excision of tuberculous glands, incision and drainage of an 
abscess, and radical dissection (chart 10, table 9). 

OBSERVATIONS ON PATIENTS WITH POSTOPERATIVE COMPLICATIONS 

There were no complications among tlie patients operated on for 
bilateral inguinal hernia. 

Chart 11 is a graph of the vital capacity and temperature of a 
healthy man, aged 26, who was operated on for right inguinal hernia 
under gas-oxygen-ether anesthesia. The usual reduction in vital 


Table 3. — Acute Appendicitis (McBtirney Incision) 


On 

Admfs. 




Days Alter Operation 




slon 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 ’ 

2,640 

1,420 

1,330 

1,830 

1,910 

2,100 

2,600 

2A00 

8A20 

2,820 

2A00 

1,^ 

lAlO 

lAOO 

1,690 

1,720 

1,900 

2,100 

2,400 

2^800 

2,910 

2;oio 

3,120 

1,360 

lAOO 

1A80 

1,700 

2,100 

2,360 

3,000 

2A30 

3,160 

3,130 

4,050 

1A60 

1,840 

2,310 

2,600 

8,080 

3,460 

8,610 

3A20 

4,063 

4,200 

8,480 

lASO 

1,940 

2,090 

2,850 

8,480 

3,610 

3,760 

4,030 

4,100 

4,100 

3,000 

%060 

2,680 

2,970 

3,310 

3,510 

3,680 

3,930 

3,950 

3,950 

3,960 

2,U0 

1,710 

1,900 

1,980 

2,040 

2,800 

2A40 

2,600 

2,460 

2.000 

2,000 

8,100 

1,080 

2,080 

2,490 

2,910 

8,160 

3,510 

3,610 

3,710 

3,709 

3,710 


2,077 1,534 1,819 2,108 2,380 2,696 2,944 3,184 3,304 3,413 3,436 


100% 62% 01% 79% 79% 90% 88% 106% 110% 114% 113% 


Table 4. — Operations on the Upper Part of the Abdomen 


On Days Alter Operation 

Admls- t * * 

slon 1 2 3 4 6 0 7 8 9 10 11 12 13 14 13 

SfiSa 900 1,300 1,100 1,760 2,800 3,000 2,860 SA80 3,750 ^630 3,700 3,750 3,750 3,750 3,750 

8,880 1,090 1,950 2,450 2,700 2,720 2,880 3,000 3,230 8,600 SAGO SjBOO 3,700 3,620 8,900 8,900 

1,800 1,850 2A60 2,840 3,410 8,720 4,460 6,180 4,030 5,210 6,379 6,880 6^420 5,420 6,410 5,429 

SJSSO 1,050 080 1,300 1,640 1,760 2,080 2,200 2,600 2,790 2,950 2;9e0 3,050 8,210 3,320 8,300 

5A80 1,260 1,060 950 1,760 2,160 2,230 2,720 2,820 3,160 3,690 3^20 4,850 4,620 4,730 6,100 

3,624 1,248 1,560 1,724 2,266 2,530 2,924 3,180 8,884 3,682 3,802 8A76 4,006 4,084 4,222 4,294 

100% 84% 48% 48% 63% 70% 81% 88% 93% 101% 105% 107% 112% 112% 110% 118% 


capacity occurred on the first postoperative day. When the observations 
were taken on the forenoon of the second day a marked secondary 
reduction was found. During the early afternoon, the patient developed 
acute respiratory distress; temperature, pulse and respirations were 
elevated, and physical examination of the cliest revealed a massive 
atelectasis on the right side. This was confirmed by a roentgenogram. 
On the third day, a slight increase in vital capacity and fall in tempera- 
ture were observed. On the fourth day, the vital capacity was again 
reduced and the temperature elevated. Following this, both rapidly 
returned to normal (compare with chart 2). 

Chart 12 is most interesting. The patient was a well developed, but 
somewhat plethoric man, aged 44, who had suffered with chronic asthma 





314 


ARCHIVES OF SURGERY 


Ad. 


P^/5 aiFter operation. 

\ Z 1 Ar 5 


4000 


BBRongan 


•S 3000 


2 ;ooo 


^ 1000 


‘ 

Chart 7.~Composite curve of the vital capacity and temperature of eight 
patients on whom rectal operations were performed. 
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the extremities. 


8.— Vital capacity of fifteen patients who were subjected to operations 
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for many years. Examination of the chest revealed typical asthmatic 
symptoms; clubbing of the fingers and toes was present. The pre- 
operative vital capacity was only 2,650 cc., 64 per cent of the expected 
normal for a man of corresponding height and weight. A right 
inguinal hernia was repaired under local infiltration and block anesthesia 
with procaine hydrochloride. The usual reduction in vital capacity 
occurred on the first postoperative day, accompanied by a marked elec- 
tion in temperature. During the subsequent four days, the vital capacity 
increased slowly, but the temperature remained elevated. On the sixth 
day, a decrease in vital capacity was noted. During the next three 


Table S. — Hydrocele 


On 

Admission 



Days After Operation 



1 

2 

3 

4 

5 

6 

ijsm 

4.100 

4,160 

4,200 

4,680 

4,680 

4,660 

3,610 

3,170 

3,290 

3,140 

3,800 

3,^ 

8,530 

3,E00 

2,500 

2,700 

2,930 

3,200 

8,510 

330 

3A70 

3,140 

3,600 

3,660 

3A30 

3,550 

3,550 


4,200 

4,700 





3.660 

2,200 

3,280 


3,520 



3,980 

3,140 

3,120 


8A20 

3,310 



■ ■■■ — 




1 

■ ■ ■■ 

3,797 

3,207 

3,536 

3 

3,739 

SJBOi 

3,833 

100% 

• 

84% 

93% 

94% 

98% 

100% 

101% 


Table 6. — Rectal Operations 


VajB After Operation 


On 



Admission 

1 

2 

4,290 

4,080 

4,600 

3,170 


4,170 

3,680 



4,210 

4,120 

4,250 

4,480 

4,680 

5,000 

4,800 

4,820 

4,320 

4,480 

4,100 

4,560 

3,820 

3,120 

8,450 

4,116 

8,910 

i,m 

100% 

93% 

103% 


. A.-- - 

3 

4 

5 

4,380 

4,550 

4,580 


4,210 


B ^ i r 1 

3,600 

3,GSn 


4,100 


4,800 

4,000 

4,050 

4,500 

4,440 

4,140 

4,510 

4,500 

4,300 

3,420 

3,450 

3,430 

4,216 

4,238 

4,274 

102% 

103% 

101% 


days, the vital capacity continued steadily downward, the temperature 
rose slightly, and the patient showed clinical signs of broncho- 
pneumonia. This diagnosis was confirmed by the roentgen-ray exami- 
nation. Recovery was extremely slow. The temperature remained 
elevated until the twenty-seventh postoperative day and the vital capacity 
did not attain its preoperative level until the twentj'-ninth day. 

In spite of this stormy convalescence, the patient wished to have a 
left femoral hernia repaired before leaving the hospital. After the 
temperature had been normal for several days, this operation was per- 
formed under local and block anesthesia as before. The usual reduction 
in vital capacity occurred on the first postoperative day and a marked 







316 


ARCHIVES OF SURGERY 

and the tenper^re rose to 39 C (102.1 F.). The physical e.^=an.ination 
was negative. The following daj^ the temperature v'as 40.6 C. (105 F.^ 
and the vital capacitj^ 820 cc. The physical examination and roentgeno- 
gram revealed pleurisy with effusion at the base of the right lung. 
Thoracentesis was performed twice during the next five days. Follow- 
ing this, the temperature fell by lysis, and the vital capaciW graduallv 
increased but did not attain its preoperative level. The patient was 
discharged on the fort.v-third postoperative day. On admission, the 
vital capacity was 4,450 cc.; on discharge 3,000 cc. (compare with 
chart 3). 

Days after operation. 



Chart 9 . — Vital capacity of five patients on whom thyroidectomy was per- 
formed. 

Chart 14 indicates the effect of postoperative abdominal compli- 
cations on vital capacity. The patient was a ■well developed and well 
nourished man, aged 49. Following appendicectomy and drainage of an 
abscess under gas-oxygen-ether anesthesia, the vital capacity remained 
depressed and the temperature elevated. From this’ low' level, a definite 
downward trend ivas noted on the sixth day, and rectal examination 
revealed a pelvic abscess. This ItTOs drained through the abdomen the 
following da)'. The vital capacity continued its downward course, and 
tw’o days after the second operation, general peritonitis was present. 
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rise in temperature similar to that observed after the first operation. 
The temperature rapidly subsided, however, and the physical exami- 
nation did not reveal evidence of any pulmonaty complication. The 
vital capacity showed a normal upu'ard trend and recovered its pre- 
operative level on the tenth da}'. 

Chart 13 represents the vital capacity and temperature of a youth, 
aged 21, operated on for acute appendicitis. There was a marked fall 
in the vital capacity on the first postoperative day and a rapid recovei}' 

Table 7. — Operations on the Extremities 


Days After Operation 


On 

Admlsdon 

r—— 

1 

2 

3 


5 

6 

7 

8 

4,400 

4A60 

4,400 

4,400 

4,600 

4A80 

4,480 

4,480 

4.480 

3,220 

3,150 

3,2(0 

3A20 

3370 

3320 

3360 

3,410 

8380 

4,100 

4,3M 

4,810 

4^30 


4,^ 

43S0 

4350 

4,^ 

^290 

S,(^ 

2,140 

1,000 

B,seo 

SJXO 

2,400 

2,730 

%890 

4,800 

4,780 

4,860 

4,860 

4300 

4,860 

4360 

4360 

4,860 

3AM 

3A30 

SAOO 

3A0O 

8310 

3,450 

3310 

3,510 

3,510 

4,210 

4,320 

4,200 

4,280 

4320 

4320 

4,320 

4,320 

4320 

3,^ 

2A20 

2,510 


3,150 

3,200 

3,160 

%290 

3,260 

4,000 

3,630 

3,750 

3,810 

3350 

3,700 

8,790 

3310 

3330 

4,600 

4,610 

4,720 

4,710 

4,710 

4,710 

4,710 

4,710 

4,no 

3,560 

3,300 

3,520 

3,600 

3,700 

3,760 

3,800 

3380 

3.790 

4,050 

3,630 

3,180 

3,620 

8300 

s;sio 

3,930 

3,900 

4,000 

4,000 

4,600 

4A50 

4380 

4,000 

4,900 

4,900 

4,900 

4,900 

2,610 

2,540 

2,520 

2,300 

2,600 

2,600 

2,450 

2,^ 

2,070 

4,710 

4,430 

4,420 

4300 

4,750 

4,700 

6,000 

6,000 

5,000 

3,037 

3,n6 

8,747 

3,801 

8311 

8.931 

8,933 

3,931 

3,995 

100% 

«% 

m, 

06% 

09% 

100% 

100% 

101% 

101% 


Table 8. — Thyroidectomy 


On 

/ 



Admission 

1 

2 

8 

4,790 

2,100 

3,400 

8360 

8300 

1360 

1,660 

2,350 

4,500 

1,800 

2,090 

3,100 

4A00 

010 

1,750 

2310 

4350 

3,450 

3,100 

8.610 

4343 

1,924 

2,400 

3,158 

100% 

45% 

57% 

74% 


’Days Alter Operation 


4 

5 

6 

7 

4,140 

4,300 

4,520 

4300 

2300 

2,900 

3,19) 

3;230 

3,560 

4,150 

4,500 

4,500 

3,600 

4,420 

4A00 

4A00 

4,110 

4,220 

4,300 

4,390 

3,612 

3,998 

4,1M 

4,280 

85% 

91% 

96% 

101% 


8 

4,(100 

3,230 

4,riro 

4,400 

4,3r>0 


4,274 

101 % 


which on the eighth and ninth days had not reached the preoperative 
level. The temperature remained elevated and on the ninth day rose 
still higher to 39.5 C. (103 F.). On the tenth day, a marked reduction 
in vital capacity occurred but no clinical eridence of a pathologic process 
in the chest could be found. The temperature continued upward ; on 
the eleventh day, there was a further reduction in vital capacity and 
physical examination revealed bronchopneumonia. In two days, the 
vital capacity fell from 3,920 cc. to 610 cc. During the next twelve 
days, the temperature gradually subsided to normal and the vital capacity 
increased to 2,690 cc. On the twenty-third day, the patient complained 
of thoracic pain on deep inspiration; the vital capacity fell to 1,290 cc. 
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after operation 



Chart 10. — ^Vital capacity of four patients subjected to other operations on 
the neck. 
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During the next five days, the vital capacity remained at essentially the 
same level and the temperature at 38 C. (100.4 F.). The patient was 
extremely sick ; his pulse was weak and rapid ; the abdomen was spastic 
and distended. On the sixth day after the development of general 
peritonitis, a definite improvement occurred in his clinical condition; 
the vital capacity was higher and the temperature lower. From then 
onward there was a gradual but steady upward trend to the vital capacity 
curve. The temperature returned to normal almost immediately (com- 
pare with chart 3). 

Chart 15 illustrates the effect on the vital capacity of appendicectomy 
complicated by general peritonitis. The patient was a well developed 
and well nourished colored man, aged 26. The preoperative vital 
capacity was somewhat below normal. Because of this, the subsequent 
decrease on the first postoperaive day was less than usual. On the 
second day, the patient showed clinical evidence of generalized peritonitis 
and a further reduction in vital capacity occurred. During the next 

Table 9. — Otiter Operations on the Neck 


Days After Operation 


On 

f 



Ji 



Admission 

1 

2 

8 

4 

5 

6 

3,010 

3,400 

3,860 

3,820 

8,900 

4,000 

4,020 

3,620 

8,880 

3A40 

3,610 

3,420 

8,600 

3^720 

3,780 

3,720 

8,800 

3,700 

8,610 

3,700 

3,700 

3,720 

3,020 

3,760 

3,670 

3.^ 

3,300 

3340 

3,682 

3,440 

3,038 

3,720 

8,780 

3,805 

3320 

100% 

00% 

101% 

104% 

104% 

101% 

100% 


three days, his vital capacity and clinical condition remained essentially 
the same. On the sixth postoperative day, a slight improvement was 
noted in both. Recovery was slow. He was discharged on the twenty- 
first day; the vital capacity was 3,200 cc. on discharge, 1,850 cc. on 
admission (compare with chart 3 and 14). 

Chart 16 represents the vital capacity and temperature of a white 
man , aged 34, subjected to cystectomy and transplantation of the 
ureters into the rectum because of carcinoma of the bladder. The 
usual reduction in vital capacity occurred on the first postoperative day, 
accompanied by a rather marked elevation of temperature. On the 
third day, the vital capacity had increased slightly and the temperature 
had subsided to 38.2 C. (100.7 F.). On the fourth day, however, a 
secondary reduction in vital capacity was apparent and the temperature 
had again risen to 38.8 C. (101.4 F.). Examination of the patient 
revealed evidence of general peritonitis. The following da}', there was a 
slight improvement in tlie vital capacity. This was only temporary, 
however, and the general trend was downward until death occurred on 
the thirteenth day after operation (compare with chart 5). 
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thyroidectomy is hard to ^plain. Possibly exposure of the trachea, 
retention of mucus, congestion and edema of the air passages ma}' have 
some bearing on it. It may be tliat the excitement, apprehension and 
psychic instability cliaracferistic of the majority of patients after 
thyroidectomy secondarily restrict their voluntary respiratory control. 

By far the greatest reduction occurs when the operative incision is 
located in the upper part of the abdomen and invades the epigastric 
triangle. There is still a veil of myster}' obscuring the accuracy of 
knowledge regarding the effect of upper abdominal operations. Cutler 

tn «(ur operiCtan 



Chart 13. — ^Vital capacity and temperature curves of a patient on -whom 
appendicectomy was performed; bronchopneumonia and pleurisy with effusion 
followed. A indicates operation; J5, bronchopneumonia; C, pain an effusion; 
D, pleurisy with effusion; JS, thoracentesis. 



Chart 14.— Vital capacity and temperature curves of a patient on whom appen- 
dicectomy was performed; a residual pelvic abscess was drained and general 
peritonitis developed. A indicated operation; B, pelvic abscess; C, drainage and 
D, general peritonitis. 


and Hunt” found that postoperative pulmonary complications occur 
in 8 per cent of epigastric operations, 4 per cent of laparotomies an 
2 per cent of all operations. They attributed this to greater mobility 
of the field during operation and the consequent greater freedom wun 
which multiple small emboli may be dislodged. Subsequent to epigas n 


17. Cutler and Hunt (footnote 9 and 10). 
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No other postoperative complications developed, and consequently no 
airves are available for comparison with normal curves following 
operations on the upper part of the abdomen, extremities, neck or 
rectum. 

COMMENT 

Since this work was started, t^vo articles have appeared on vital 
capacity before and after operation. The curves presented in this paper 
compare favorably with those of Churchill and McNeil « and Head.^® 

It is evident from an analysis of the charts and tables that abdominal 
operations produce a tremendous immediate decrease in vital capacity 
followed by a gradual return to normal. There is an apparent s imi larity 
in the curves for each type of operative incision. 

after operation. 



Chart 12.-*-Vital capacity and temperature curves of a patient operated on for 
right inguinal hernia; postoperative bronchopneumonia followed; an operation 
for left femoral hernia was attended by a normal convalescence. A indicated 
operation; B, pneumonia. 

Partial removal of the thyroid gland likewise entails an immediate 
and pronounced fall in the vital capacity followed by a rapid recovery. 
All other operations on the neck and those on the extremities and rectum 
have no effect on the vital capadt)'. The reason is obvious ; the muscles 
of respiration are not involved in the operative incision. Why the 
vital capacity should be so profoundly, though temporaril}', affected by 

15. Churchill, E. D., and McNeil, D.: The Reduction in Vital Capacity 
Following Operation, Surg. Gynec. Obst. 44;'483, 1927. 

16. Head, J. R.: The Effect of Operation Upon the Vital Capacity, Boston 
M. & S. J. 197:83, 1927. 




ASCARIASIS OF THE GALLBLADDER 

LITERATURE AND CASE REPORT 
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Ascariasis is not usually grouped among the diseases requiring 
surgical intervention, ‘and its presence in what may be called a surgical 
form is probably seldom diagnosed prior to operation. Ascariasis of the 
gallbladder is especially unusual, if one may judge by the infrequency 
with which it has been recorded in the literature. The finding of an 
ascarid in the gallbladder of a woman on whom I recently performed 
an operation for cholecystitis suggested this study. 

LITERATURE 

The literature contains numerous references to cases in which 
ascarids were found in other unusual sites: the urinar}' passages, the 
appendix, the pancreatic duct, the common bile duct and the hepatic 
ducts. Ascarids in these locations were credited with causing many 
types of symptoms, chiefly those of obstruction and inflammation, pre-' 
senting, however, few if any pathognomonic peculiarities. DaCosta ^ in 
his textbook on surgery, does not mention ascariasis among the diseases 
of the gallbladder. Only three direct references to the presence of par- 
asitic worms in the gallbladder were found in the literature. Of the 
many other articles indexed under "ascariasis,” “gallbladder,” and other 
heads, only the more likely were investigated. In this group, only five 
additional articles were found in which ascariasis of the gallbladder was 
mentioned. 

In 1765, Lorry,® quoted by Aviles, recorded the first case found in 
the literature. He cited the case of an insane patient in whose gall- 
bladder three ascarids were found at necropsy. This patient vomited 
a worm prior to death and died in convulsions, presumably caused by 
the presence of the parasites in the gallbladder. Aviles ® recorded a case 
of ascariasis of the gallbladder encountered at operation and summarized 

1. DaCosta, J. C.: Modern Surgerj’i ed. 9, Philadelphia, W. B. Saunders 
Company, 1925. 

2. Lorr>', A. C. : De melancholia et morbis melancholicis 16 : 339 ; 8 : 429 , 
Lutetioe Parisiorum. P. G. Cavelier, 1765. 

3. Aviles, J.: The Role of Ascariasis in Gallbladder Disease, Surg. Gynec. 
Obst. 27:459, 1918. 
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operations, there is a more complete and prolonged splinting of the 
abdomen and lower part of the thorax, with the result that the respira- 
toiy movements are more grossly impaired over a longer period of time 
than after operations on any other part of the body. May not this 
pulmonary embarrassment and comixirative immobility play some part 
in the more frequent occurrence of postoperative complications follow- 



Qiart 15. — ^Vital capacity of a patient subjected to appendicectomy for ruptured 
appendicitis and general peritonitis. 


after oper^ionL 



Chart 16.— Vital capacity of a patient subjected to cystectomy and transplanta- 
tion of the ureters ; general peritonitis developed and death ensued. 

ing upper abdominal incisions ? Karsner and Ash ** showed experi- 
mentally that a partially atelectatic lung offers a more fertile soil for the 
reception of emboli than one which is normally aerated. The sequence 
of events seems logical. Most upper abdominal incisions are placed to 
the right of the midline ; consequently, expansion of the lower lobe of 

18 Karsner, H. T., and Ash. J. E.: Studies in Infarction: 11. Experi- 
mental Bland Infarction of the Lung. J. M. Research 22:205. 1912-1913. 
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worms as short as l}i inches (3.1 cm.) in length in the bile ducts. 
Stiles " said : “The eggs of the ascaris will not hatch as long as they 
are in the human body. They must pass out and there undergo their 
changes. The young worm is developed inside the egg, the egg is then 
swallowed, hatches out in the stomach, crawls through the wall of the 
stomach, gets into the circulation, goes to the heart and lungs, up the 
trachea, down through the stomach to the small intestine, and there 
develops further.” Others differ with this opinion and believe that ova 
which contain embryos and which are still surrounded with the raulberrA* 
envelop will develop into roundworms in the human intestine. 

The cases of ascariasis of the gallbladder were not recorded in any- 
thing approaching a uniform manner. There are, however, certain sim- 
ilarities in all of them which form a rather clearcut composite picture. 

The data in the two cases quoted by Devaine were very meager and 
the brief facts of Lorry’s case have already been quoted. The cases of 
ascariasis reported by Aviles, Tyau, Eberle, and Butt and the case of 
taeniasis reported by Benedict were complete enough for instructive 
study, and I shall summarize them. 

REPORT OF CASES 

Aviles’ Case. — A woman, aged 38, had suffered with attacks of pain in the 
upper part of the right side of the abdomen for twenty-six years. Attacks had 
been increasingly severe for the last year. ’’She had occasionally vomited round- 
worms. For six days before admission to the hospital she suffered continuous 
pain, which radiated to the right shoulder blade and was accompanied by slight 
icterus and moderate fever. The diagnosis of cholecystitis with probable chole- 
lithiasis was made, and the abdomen was explored. An Ascaris tumbricoides 
8 inches (20.32 cm.) in length was found in the gallbladder obstructing the 
cystic duct. The worm was removed, and a cholecystostomy was performed. 
Anthelmintics were administered during the postoperative convalescence. 

Tyaus' Case. — A man, age not mentioned, had suffered for three months with 
epigastric pain which radiated to the liver region but not to the shoulder. A 
mass suspected of being the gallbladder was palpable. Ova of Ascaris lunibn- 
coides and Trichuris trichiura were foimd in the stools. Santonin was adminis- 
tered and eighteen roundworms evacuated, but the symptoms were not relieved. 
Five days later, the patient died. Necropsy disclosed nine roundworms occlud- 
ing the cystic duct. There were multiple abscesses of the liver and several 
roundworms in the hepatic ducts. Ova were found in the gallbladder, the biliary 
ducts and the liver itself. 

Eberles’ Case. — A boy, aged 9 years, had been treated with santonin for 
intestinal parasites. Five months later, he complained of pain in the upper ^rt 
of the right side of the abdomen, and there were symptoms of jaundice. The 
abdomen was explored for gallbladder disease, and a living roundworin was 
found in the gallbladder. Three more worms, all aliv^ were found in tlic 
hepatic duct. 

Butt’s Case. — A woman, aged 30, mother of three children, had ha six 
attacks of severe pain in the upper part of the right side of the abdomen unn 


II. Stiles, C. W.: Personal communication to Butts. 
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the literature. He quoted two other authors, Bonfils* (1858) and 
Devaine® (1860), who had recorded “a few cases,” Bonfils quoted 
Lorry, Devaine quoted Lorry’s case and two other cases which were 
attributed to Heaviside and Bloch. 

In 1922, Butt ® added a case of his own to the literature and quoted 
Tyau ^ (1920) and Eberle ® (1920), who reported two more cases. Up 
to the time of this writing no other cases of ascariasis of the gallbladder 
were found in the literature. However, Benedict,® in 1926, reported a 
case in which Taenia saginata was found in the gallbladder. Because of 
its similarity to the cases in which Ascaris lumbricoides was present in 
the gallbladder, it is probably of more than passing interest. 

■ That animals as well as man may harbor ascarids in the gallbladder 
was ascertained from Schlotthauer.^® He, dealing with numerous lab- 
oratory and domestic animals, stated that he had occasionally encountered 
ascarids in the gallbladder of swine. They were apparently an incidental 
observation, and no symptoms or pathologic changes were ascribed to 
their presence. 

Aviles called attention to the wide and almost universal geographic 
distribution of Ascaris lumbricoides, and said that the pathogenicitj' of 
the parasite depended on three characteristics. The first was a poisonous 
material found in extracts of the worm; the second was the carrying of 
infection by the motile and migratory traits of the ascarid, and the third 
was mechanical, the obstruction in a hollow viscus sometimes caused by 
a parasite or group of parasites. The last two characteristics are of 
primaty importance in considering ascariasis of the gallbladder. 

Another important consideration is the life cycle of the parasite. 
Knowledge of this is necessary in attempting to determine whether an 
ascarid found in the gallbladder has come there as an ovum and sub- 
sequently hatched, or whether its presence there is the result of migra- 
tion of a worm from the intestine. Ova of Ascaris lumbricoides were 
found in the g^allbladder and bile ducts by Tyau, and he also found 

4. Bonfils, E. A.: Des lesions et des phenomenes pathologiques determines 
par la presence des vers ascarides lombricoides dans les canaux biliaires, p. 28, 
Paris, Rignoux, 1858 ; reprinted from Arch. gen. de med., Paris, 1858. 

5. Devaine, C. : Traite des entozoaires et des maladies vermineuses de riiommc 
et des animaux domestiques, Paris, 1860, p. 156. 

6. Butt, A. P. : Round Worm (Ascaris lumbricoides) in Gallbladder, Surg. 
Gynec. Obst. 35:215, 1922. 

7. Tyau, E. S. : Pathogenicity of Ascaris lumbricoides; Report of Cases, 
M. J. China, 6:21, 1920; abstr., J. A. M. A. 75:135 (July 3) 1920. 

8. Eberle, D. : Ascarids in the Liver and Pancreas, Schweiz, med. Wclinschr. 
50:1110, 1920; abstr., J. A. M. A. 76:344 (Jan. 22) 1921. 

9. Benedict, E. B. : Taenia Saginata in the Gallbladder, J. A. M. A. 87:1917 
(Dec. 4) 1926. 

10. Schlotthauer, C. S. : Personal communication to the author. 
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following intravenous injections of dye (tetra-iodo-phenolphthalein) failed to show 
any trace of a shadow of the gallbladder. Subacute cholecystitis with 
cholelithiasis was the diagnosis made, and an operation was advised. 

On Nov. 17. 192;, I made a high indsion through the right rectus muscle and 
explored the abdomen. The pelvic organs, appendi.x, kidneys, stomach and 
duodenum apparently were normal. The gallbladder was surrounded with recent 
adhesions to adjacent structures and was distended to a diameter of about 8 cm. 
at the fundus. Stones were not palpated, and the gallbladder did not empty under 
pressure. The walls were thickened. The common bile duct was not enlarged, and 
stones were not palpated in it. The gallbladder was removed from below out- 
ward, and the abdomen closed without drainage. 

Pathologic examination of the gallbladder disclosed thickening and subacute 
inflammation of the walls. The mucosa showed some cholesterin deposits. Tlie 
bile was of about normal consistency. In the gallbladder was discovered a living, 
actively motile roundworm, Ascaris ftimdricotdcs, which measured 17.5 cm. in 
length (fig. 1). 



Ascarid and gallbladder removed from patient. 


Postoperative convalescence was quite uneventful, and the patient was allowed 
to go home on Dec. 4, 1927, eighteen days after her operation. Anthelmintics 
were advised to rid her of any parasites remaining in the intestinal tract. 

Following the unusual and unexpected operative observation, the patient was 
carefully questioned concerning her previous history. She again denied any 
former attacks of pain in the gallbladder region, and said that she did not know 
that she harbored intestinal parasites until the day before operation. On that 
day she was nauseated and vomited an Ascaris lumbricoides 15 cm. in length. 

COMMENT 

The problem of how a parasitic worm may have arrived in the gall- 
bladder is one difficult to solve. One must assume either the hatching 
of an ovum in the gallbladder or the migration from the intestine of a 
worm sufficiently small to pass through the cystic duct. In Benedicts 
case, a taenia 10 feet (304.8 cm.) long was found in the gallbladder. 
How long this parasite had been in the gallbladder is not easy to 
determine, although it is improbable if not entirely impossible to sup- 
pose that it could have passed through the cystic duct while measuring 
anything approximating 10 feet in length. 
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I made a tabulation of the cases of ascariasis found in the literature 
and included my own case and that of Benedict, in which the parasite 
was not an ascarid but Taenia saginafa. The incidence in the two sexes 
is about equal, and the age limits vary between 9 and 74 years. There 
are two factors, however, which are constant in ever>' case; the history 
of intestinal infestation with parasites and symptoms referable to the 
gallbladder. 

These two constant features of the cases do not assure the diagnosis, 
but when didted they should at least lead one to bear in mind the 
possibility of ascariasis of the gallbladder. 

The treatment for ascariasis of the gallbladder is the same as that 
for inflammation or obstruction of the organ due to other causes. As 
suggested by Butt, cholecystectomy is probably the operation of choice. 
Anthelmintics are indicated as a prophylactic measure in all persons with 
intestinal parasites and as a postoperative measure in ascariasis of tlie 
gallbladder to rid the patient of any remaining parasites. 

SUMMARY 

The literature was searched for cases of ascariasis of the gallbladder. 
Seven cases were found and five have been briefly summarized. A case 
of taeniasis of the gallbladder was found and also summarized. It %vas 
similar in many respects to the cases of ascariasis. All cases had been 
diagnosed only after operation or necropsy. 

A case of ascariasis of the gallbladder which I encountered has been 
described, and the condition discussed in relation to its etiolog>% diagnosis 
and treatment. It was pointed out that the disease is rare and difficult to 
diagnose. Furthermore, the treatment is surgical and cholecystectomy 
is probably the operation of choice. Andielmintics are indicated^ for 
prophylactic use and postoperatively. The histor}’ of ascariasis in a 
patient with signs of cholecystic disease should always suggest the possi- 
bility of ascariasis of the gallbladder. 
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Probably the preoperative diagnosis of ascariasis of the gallbladder 
Tvill never be made with any great degree of certainty. In the first place, 
it is obviously a rather rare condition and one which would hardly be 
thought of unless one were to bear it in mind in all cases of cholecystic 
disease. In the second place, the symptoms of the disease do not differ 
in general from those of the commoner varieties of inflammation and 
obstruction of the gallbladder and cystic duct. 

Outline of Cases Found in Literature and of My Own Case 
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The case reported herewith illustrates the point. The history and 
physical observations were similar to those in numberless other ca.ses of 
ordinary cholecystic disease. The laboratory and diolecystographic 
data were equally commonplace. The diagnosis of cholecystitis with 
probable cholelithiasis seemed obvious. 

There was, however, one fact not taken into consideration in making 
the diagnosis. That was the vomiting of the ascarid the dtiy before 
operation, ignored as npt important at the time and yet in the light of 
subsequent observations it proved to be one of the most significant 
features of the case. 
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The ureters are located and severed between small artery forceps as 
near to the bladder as possible. The distal stump is cauterized with 
phenol and ligated. The proximal end of the ureter is liberated for 
7.5 or 10 cm. by slitting the peritoneum over it. Ureteral catheters 
provided with rubber cuffs to prevent slipping, are inserted into the 
ureter. A strong linen thread is passed twice around the ureter and 
cuff and tied tightly with a double or surgeon’s knot. A similar suhire 
is then tied around the ureter below the incision to prevent infection 
ascending the ureter from the bowel. Urine usually begins to escape 
from the catheters at once. 


To avoid too much narrowing, one incision should be higher in the 
bowel than the other. The incision should begin near the mesenteric 
edge and extend downward and obliquely toward the antemesenteric 
border to avoid as many of the large vessels as possible. It should be 
about 3.8 cm. in length, and through the peritoneum and muscle, thus 
permitting the mucosa to pouch out partially. A small stab wound is 
made in the mucosa between traction sutures. A little of the gauze 
already inserted in the rectum is picked up with mosquito forceps, and 
to this the end of the catheter is attached. After both of the catheters 
are attached to the gauze, the gauze is gradually withdrawn from the 
rectum and in so doing the ureteral ends are drawn into the openings 
in the mucosa. The catheters must be marked to indicate the right and 
left kidney. After the ureter is drawn past the ligature, the free ends 
of the two traction loops are tied across the ureter to close the opening 
partially. These traction loops, inserted before the mucosal puncture, 
are important in handling the intestine. 

[Ed. Note. — ^Coffey’s method of ureteral transplantation is, at the 
present time, accepted by most urologists as the one giving the most 
satisfactory functional results. Not all urologists agree as to the 
indications for ureteral transplantation. Hinman believes in trans- 
planting the ureters into the bowel in a small group of cases. Usually 
this method is employed now only as a last resort, but if freed from 
some of its dangers, it could be applied to a larger number of cases. 
Hinman believes that a surgical victory over this defect must include 
restoration of natural relationships. To insure satisfactory renal func- 
tion, a first stage preparatory nephrostomy should be performed: thus 
is followed subsequently by ureteral transplantation.] 

Marion states that ureteral transplantation is of doubtful value. 
If it is performed, it is necessary to be ready to operate on the corre- 
sponding kidney in case of complications. In some cases, instead o 


27. Hinman, Frank: ‘The Indication of Nephrostomy Preliminary to Uretcro- 

rectoneostomy, J. A. M. A. 86:921 (March 27) 1926.^ ^ I 

28. Marion, M. : Suite de la discussion sur Ics implantations urc e . 

d’urol. med. et chir. 20:58, 1925. 
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URETER 

Transplantation . — Peterson “ believes tliat the extraperitoneal route 
■is -more desirable than the intra-abdominal in tlie transplantation of the 
ureters into the bowel. Even with the most skilful care, the wound 
may become infected, and tight approximation of the suture line is 
difficult. If urine or feces escape around the opening through the 
mucosa, the patient usually succumbs, unless the operation has been 
performed extraperitoneally. Technically, it is not more difficult since 
the ureters are readily exposed and easily transplanted. 

Peterson reports several cases of incurable vesicovaginal fistula in 
which transplantation of the ureters ^vas carried out in order to secure 
sphincteric urinary control. He does not expose the patient to the 
additional risk of transplanting both ureters at the same operation. 

In Coffey’s earlier papers, he advises the insertion of a small rubber 
tube into the ureter before transplantation. The greatest trouble in 
ureteral transplants, especially in animal experimentation, is infection 
emanating from the opening in the intestine. At present, Coffw uses 
the following technic; The bowel is cleansed irith castor oil and 
enemas before operation. The abdomen is opened low near the median 
line, and the sigmoid is pulled down into the field of operation. A 
s^pinoidoscope is inserted into the rectum, and the lower part of the 
Iwwel is flushed by a pointed cannula inserted through the wall of the 
sigmoid. The rectum is then packed full of dry gauze, and the sig- 
moidoscope is removed. 

25, Peterson, Reuben: Transplantation of the Ureters into Bowel to Fccurc 
Sphincteric Urinarj' Control in Incurable Vesicovaginal Rstula, J. Obst. fi: 
Gynec. 14:492, 1927. 

26. Coffey, R. C: Completed -■\septic Technique for Impla«t.iti«>:i •>! trvtvr 
into Large Bowel, Surg. Gj-nec. & Obst. 45:816. 192/. 
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m man. The fundaniental reqtusite is a sustained tonic contraction of 
the musculature of the bladder as it actively resists distention. Atonic 
bladders never regurgitate; postmortem experiments are futile. More- 
over, as Graves has shown, there are no intrinsic anatomic difFerences, 
such as have been claimed, between the ureterovesical relationship of 
the laboratory animal and of the human being. 

In general, then, it may be stated that there are two groups of 
bladders so far as reaction to distention is concerned. One group, 
marked by an active state of musde tone, resists distention, and in these 
tracings of intravesical pressure show a constant, relatively rapid, rise of 
tension as filling proceeds. Such bladders will regurgitate when the 
normal outlet is obstructed in a large percentage of. cases, as he has 
demonstrated in a long series of observations on animals. The other 
group, in which tone is relatively lacking, consists of bladders that offer 
feeble or no resistance to the force of distention. These bladders fall 
away from the distending fluid, and there is no appreciable sustained 
rise in intravesical pressure until the end-stage of filling is reached, 
when, as has been said, a purely mechanical tension is produced because 
the sac can hold no more. In this passive type of bladder, regurgi- 
tation does not occur. 

As Graves was dealing with fundamental reactions of smooth muscle, 
it seemed reasonable to expect in starting this particular investigation 
that the bladder of man, in its behavior during distention, would fall 
into one or the other of these groups and so give further evidence of 
support or denial of the clinical theory of regurgitation. To answer 
this phase of the question, he has made use of an instrument which has 
just been completed and which makes it possible to record accurately 
the development of intravesical pressure during filling of the bladder. 
The instrument consists of a reservoir from whidi the bladder may be 
filled with a definite volume and rate of speed through the action of a 
small piston pump. There is also a mercury manometer which com- 
municates with the recording device and which is in open communication 
with the cavity of the bladder throughout the period of filling. Geared 
to the pump is a small Igunograph which provides the permanent record 
of the manometer as it registers the changes in intravesical tension. 

Thus far, however, he has noted only one case, that of a long- 
standing stricture with infection, whidi would not be dassified beyond 
question with the active tonic group of bladders that he has described 
experimentally and that permitted reflux in so large a percentage o 
cases. Only the atonic bladder of disease of the spinal cord was of the 
passive type. The curves for the human being are similar to those for 
animals ; from this analog}'. Garves claims support for the probability 
of regurgitation in the bladder of man. 
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reimplantation, primary or secondary nephrectomy may be desirable. 
He believes that in most cases the kidney of the ureter that has been 
transplanted becomes dilated and gradually atrophies. Legueu, in dis- 
cussing Marion’s statements, states that he has noted only one favorable 
case of transplantation reported in the literature, that of a patient who. 
seventeen years after transplantation of the ureter, still had a well func- 
tioning kidney. 

Papin®® states that in his experience, ureteral transplantation is 
more satisfactory than simple nephrostomy. Isolation of the ureter 
from its normal connections disturbs its functioning power: it becomes 
atonic and dilated and contracts more slowly and less frequently. .MI 
surgical procedures on the ureter cause infection ; the resulting dilatation 
of the ureter is responsible for most ascending infections. Papin gives 
three methods of transplanting the ureter: transplantation to the skin, 
transplantation into the urethra and transplantation into the intestine. 
He believes that the transplantation to the skin is the safest of the three 
methods. 

Smitten ®® compiled a series of 318 cases of implantation of the 
ureters into the intestine with the following results : iistula of the blad- 
der, 156 cases, with death in 34 (21.8 per cent) ; anomalous conditions, 
58 cases, wth death in 18 (31 i)er cent) ; malignant tumors, 
98 cases, with death in 61 (63 per cent), and inflammatory processes, 4 
cases, with death in 3 (75 per cent). Of the total number of patients, 
116 died and 200 recovered; in 2 cases the result was not known. 
Thirty patients died from peritonitis, 21 from urinary infection, 5 from 
pneumonia and 3 from tuberculosis. The late results, from six months 
to ten years, were known in 71 cases. In 6 of these death was caused 
by renal insufficiency, in 3 by recurrence of the original condition, and 
in 2, by intercurrent disease. 

In many cases, the time consumed and the difficulty of the operation 
do not justify the attempt to preserve renal tissue. The ureter is often 
already dilated and infected and the corresponding kidney is only 
slightly infected. On the other hand, in certain cases, such as exstrophy 
of the bladder in young patients, ureteral transplantation is ummes- 
tionably a life-saving procedure. 

Regurgiiaiion. — Graves,®' in continuing his studies on regurgitation 
from the bladder into the ureters under nonnal conditions at the 
ureterovesical juncture, investigated the pressure curve of the blaflder 

29. Papin, M.: I-a dcrivatum Iiautc dcs urines. Pre.«sc ined. 2:1412, 192.^. 

30. Smitten, A. T. : Ueber die Einpflanzung der Ureleren in den I);irni, :ili>ir 
Ztschr. f. urol. Cliir. 19:219, 1926. 

31. Graves, R. C. ; IV. Studies on the I'rcter and IJIadder with 
Reference to Regurpitatinn of Vesical Coment.<; P.laddtr Pre>>-Hre-Ctir\i- in 
Human, J. I’rol. 18:321, 1927. 
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is always dangerous and should be performed only when other tests of 
renal function give good results. 

Suitable preoperative treatment usually results in reestablishing renal 
function and in rendering the patient fit for prostatectomy. In some 
cases, the function of the kidney cannot be improved sufficiently by 
catheter drainage; in these, the two-stage operation should be perfoiined. 

Wildbolz believes that the perineal operation puts much less strain on 
the heart and lungs and causes less shock than the suprapubic. He 
finds that suprapubic prostatectomy is usually followed by an increase 
in the blood urea, lasting for severd days, but after a perineal operation 
there is practically no such increase. The perineal operation does not 
cause nearly so much bleeding, and the perineal wound does not hinder 
respiration or expectoration. Furthermore, the perineal operation is not 
followed by necrosis of the tissues, and the wound is so well drained 
that there is only a slight amount of absorption which may increase 
the blood urea. 

Wildbolz uses the same incision in performing perineal prostatectomy 
as that employed by Zuckerkandl, Albarran and Proust, with a slight 
modification used also by Young. The central tendon of the perineum 
is exposed and cleaned. A small transverse incision is made in it close 
to the bulb, and the recto-urethralis muscle is exposed. This is divided 
close to the urethra, and the prostate is exposed by blunt dissection. On 
the anterior wall of the wound are the bulb and transversus perinei 
muscle, and on the posterior side lies the rectum. The prostate is pressed 
down toward the perineum by a metal catheter introduced into the 
urethra. It is covered by the fascia of Denonvillier. This fascia is 
divided transversely just above the apex of the gland and is pushed 
backward, exposing the posterior portion of the capsule in the wound. 
Wildbolz makes a vertical incision in the median line, commencing at 
least 1 cm. above the apex, which involves only the capsule of the 
prostate and does not penetrate to the urethra, and which enables one to 
distinguish between capsule and adenomatous masses. Both lobes of 
the prostate are enucleated as far as possible. The prostatic urethra is 
divided transversely just at the lower end of the adenomatous mass, the 
upper end still being left in connection with the neck of the bladder. 
Young’s retractor is introduced through the prostatic urethra into the 
bladder, and the upper end of the urethra is divided close to the neck of 
the bladder, with any adhesions still existing bet\veen the adenoma and 
the capsule of the gland. The bladder is washed out to remove blood 

clots. 

Four sutures are placed through the neck of the bladder, and atter- 
ward through the stump of the urethra at the apex of the gland. They 
unite the neck of the bladder to the urethra inside the prostatic cavity. 
Thus this procedure restores normal anatomic conditions as far as possi- 
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PROSTATE 

Hypertrophy . — ^Trodl “ reports his results in a series of 93 cases 
in which prostatectomy was performed, with 5.4 per cent primary 
mortality (82 cases of benign hypertrophy of the prostate with 4.9 per 
cent mortality and 11 cases of prostatic carcinoma with 9 per cent mor- 
tality). Troell accentuates the need for preoperative treatment, espe- 
cidly drainage of the bladder. 

Four and three-tenths per cent of tlie patients had epididymitis ; the 
occurrence of this condition can be limited by a frequent change of the 
urethral catheter both before and after operation. In the cases of 
carcinoma, permanent results following prostatectomy were not good; 
in some cases, recurrence and metastasis occurred six months after 
operation. Troell believes that metastasis to bone may be favorably 
influenced by repeated treatments with the roentgen rat's. 

Wildbolz gives the following indications for prostatectomy : ( 1 ) 
permanent retention of a considerable quantity of urine in the bladder 
(from 150 to 200 cc. or more) ; (2) frequent attacks of complete 
retention; (3) long-standing infection of the bladder, and (4) severe 
repeated hemorrhage from the h 3 rpertrophied prostate. 

He does not perform prostatectomy as a prophylactic measure. It 
is never a harmless procedure and is justified only when the patient is 
in real danger from disease. Wildbolz considers the water test one of 
the most important of all the tests for renal function. Suter of Basle 
refuses to perform an operation unless the urine concentrates to a 
specific gravity of at least 1.017. Lehmann considers 1.018 and 
Rubritius 1.015 to be the minimum. Wildbolz shows that these figures 
are unnecessarily high, as twenty-six of his patients recovered in spite 
of a much lower concentration of the urine. In eighteen, it was from 
1.011 to 1.014; in seven, it was 1.010, and in one 1.009. 

Negro and Colombet of Marion’s Clinic state that operation .should 
not be performed unless at least 42 per cent of phenolsulphonphthalein is 
eliminated in the first hour. Blanc considers 55 per cent as a minimum. 
The majority of Wildbolz’s patients eliminated more than 30 per cent 
of phenolsulphonphthalein in the first hour, but thirteen eliminated fmm 
only 20 to 30 per cent and ten less than 20 per cent. 

The obserx'ations of Wildbolz and other investigator.*; show that 
prostatectomy will be followed b)’ uremia if the urea of the hlood is more 
than 100 mg. per hundred cubic centimeters, and probably so if it is 
over 80 mg. When the blood contains from 50 to SO mg., the ojK-ration 

32. Troell, .Abraham: Prostatectomy: Some Remarks .About lr.flic.’.t: h'. 
Technique and Results, .Acta clu'r. Scandinav. G2:13.'. 1927. 

3.^. Wildbolz. Hans.: Indic.alion and Execution of rpiM.'itectnmy. I’nv It'-;. 
Soc. Med.. Sect. Urol. 20:50. 1927. 



338 


ARCHIVES OF SURGERY 


these causes of death. Two types of cases present the greatest hazards 
m prostatectomy : those in which prolonged urinary retention has resulted 
in marked renal insufBciency, and acute uremia and death are readily 
precipitated by immediate prostatectomy; and those in which the urinary 
tract is free from infection, only a few ounces of urine are retained 
as the result of prostatic obstruction, and there is little or no impair- 
ment of renal function, a type of case in which general sepsis is likely 
to be precipitated by immediate prostatectomy. Experience has taught 
that in the first type the patient may recover from actual or potential 
uremia, that renal efficiency may be restored or approach normal, and 
. that the cardiovascular renal reserve may be increased by a period of 
careful and adequate preoperative treatment. In the second type of case, 
the patient may likewise be provided with immunity to infection by the 
same means. 

Recent investigation of the rdationship of preliminary treatment to 
mortality following prostatectomy has definitely established the neces- 
sity of preliminary treatment in all cases. 

Hunt believes that in 75 per cent of cases prostatectomy can safely 
be performed by the one-stage visualized operation, which permits the 
application of the general principles of surgery, that is, exposure, 
accuracy of conduct and complete hemostasis. He emphasizes the 
importance of avoiding anesthesia by inhalation, and of using the various 
forms of local anesthesia. The advantages of the one-stage over the 
two-stage operation are also dealt with, and the operation is illustrated. 

The discussion of mortality in this paper is based on a five year 
period, during which time suprapubic prostatectomy was performed on 
995 patients at the Mayo Qinic. 

This series has been carefully reviewed with regard to the mortality 
rate, subsequent course and ultimate function. In several series of 
cases of 100 each, there were no deaths. The mortality rate by years, 
however, has varied from 6.4 per cent in one year to 2.4 per cent in 
1925, with an average rate of 4.2 per cent for the five year period. 
In this ‘connection, it should be stated that previous to'-januar}', 1923, 
preoperative preparation was carried out in only about 75 per cent of 
the cases. The remaining 25 per cent of the patients were in excellent 
general condition and were operated on without preoperative preparation. 
The effect of preoperative preparation in all cases after January, 1925, 
became apparent immediately. 

The one-stage operation was performed in 783 cases (78.6 per 
cent) of the series with 34 deaths, a mortality rate of 4.3 per cent. 
In 212 cases, the t^vo-stage operation was performed with 8 deaths, a 
mortality rate of 3.7 per cent. This is in contrast with a previous 
report on an earlier series of cases in which the mortality rate of t e 
t^vo-stage operation \vas one and a half times as high as that for the one- 

stage operation. 
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ble. Before the sutures are tied, the metal catheter is replaced by a silk 
one which is retained for twelve or fourteen days after operation. A 
drainage tube is placed in the opening of the prostatic capsule, which is 
partially closed by means of a single suture. Packing is not inserted. 
The superficial part of the wound is brought together by a few sutures. 
As a rule, the wound heals by primary intention. The perineal drainage 
tube is removed three or four days after operation, and the fistula heals 
so quickly that the catheter can be removed in from ten to fourteen days. 
The patient is then able to pass urine normally through the urethra. 

The main points in which this method differs from other perineal 
operations are: (1) complete resection of the part of the prostatic 
urethra encircled by the adenoma, (2) suture of the neck of the bladder 
to the urethral stump, and (3) suture of the incised prostatic capsule. 

This method of prostatectomy causes onl)*^ slight injury to the 
tissue. Little blood is lost, and serious postoperative hemorrhage rarely 
occurs. Infection rarely follows perineal prostatectomy, the wound is 
smooth, there are no cavities or flaps of necrotic tissue, and the area is 
well drained. 

Mortality after perineal prostatectomy is lower than after suprapubic. 
Wildbolz reports a mortality of 15 per cent in 105 suprapubic operations 
in contrast to a mortality of only 6.5 per cent in 305 perineal operations. 
In 29 of Wildbolz' cases, healing of the perineal fistula was delayed. 
In 1 case, the fistula persisted for more than three months. In 3 cases, 
there was a persistent urethrorectal fistula which required another 
operation for relief. Partial incontinence lasting for a few weeks was 
observed in 6 cases, and in 5 others it persisted for more tlian four 
months. 

In discussing indications for prostatectomy. Hunt ” says that 
inability to empty the bladder and persisting residual urine are the 
outstanding and important indications for prostatectomy. The absence 
of residual urine, however, does not constitute contraindication to 
operation if the gland is enlarged and there are subjective symptoms. 
With any amount of residual urine as a result of prostatic ohstriictiuii, 
the indications for operation are clear: with frequency, difficulty, pain 
and other symptoms, but with slight enlargement of the gland and nrj 
residual urine, the advisability of operation is questionable. 

Death following prostatectomy has been due to the following causes, 
in order of frequency: (1) coexisting or preexisting cardiovascular, 
renal and jnilmonary diseases: (2) surgical accidents, sucli as fiemor- 
rhage. and (3) postoperative complications. In recent year-. efTort lia'- 
been directed toward providing factors of safety which tend to eliminate 

34. Hunt, V. C. : Inunediaic .iiul I’Tml Resuhs of Sujirajmt'ic • 

A Coiisideralion of the I'.icttT'. Invnlvcil. Caiiad. .M. X. .1 17:14'i7, lo.’r 
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the orifice, and the tampon is removed by pulling gently on the thread 
emerging from the wound. In removing the tampon, the coils of Pen- 
rose tubing are gently manipulated, and these tend to unfold themselves 
leading to little discomfort. 

[Ed. Note. — ^The use of coiled Penrose tubing as a tampon is per- 
haps a new feature. One can imagine that it would be difficult in all 
cases to get such a tampon to fit snugly enough for hemostasis at all 
points of the capsule. The pull of a thread through the urethra also 
would possibly be associated at times with cutting into the urethral tissue 
at the region of the bulb or triangular ligament and might call for a 
considerable amount of adjustment. The principle of counterweight 
traction is not without virtue, although the attachment of the weight to 
a Hagner-Pilcher bag would seem more likely to produce less discom- 
fort, hemostasis would be better because of more uniform contact of the 
bag with the prostatic capsule, and the removal of the bag might be 
more certain and less difficult as a rule than that of coils of Penrose 
tubing. Any type of persistent pull on the remaining muscles at the 
neck of the bladder tends to increase the possibility of transient inconti- 
nence. The system of weights suggested by Ware would at least offer 
consistent tension and be free from the irregularly strong and weak 
tension occurring when the urethral tube of the hemostatic bags is 
attached to the patient.] 

Thomas states that according to estimates, 50 per cent of patients 
with prostatic disease die within five years after the onset of obstruction, 
and that catheter life shortens this to two and a half years. 

The function of the kidney is one of the most important factors in 
determining the qualifications of a patient for operation. An estimation 
of the urea nitrogen in the blood and the quantitative percentage output 
of phenolsulphonphthalein are the most commonly used tests of renal 
function. Normal values of urea nitrogen in the blood range from 
12 to 20 mg. per hundred cubic centimeters; safe values range from 
20 to 30 mg. ; values of above 30 mg. should be regarded as dangerous, 
if not prohibitive of operation. The cardiovascular system and the 
blood are next to renal function in importance. As a result of the study 
on the cause of death following prostatectomy, Thomas notes the 
following rules: In cases in which low tension is present, when the 
systolic blood pressure is 110 or less, the diastolic must be more than 60; 
if the diastolic pressure is less than 60, the systolic must Ije more 
than 110. In cases in which high tension is present, when the systolic 
pressure is 180 or more, the diastolic must be less than 100; if the 
diastolic pressure is more than 100, the systolic must not be more than 

36. Thomas, B. A. : Vital Factors in the Management of Prostatic Ohstriiction. 
Ann. Surg. 86:563, 1927. 
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The causes of the 42 deaths were as follows: uremia and renal 
insufficiency, 10; pulmonary embolism, 9; general sepsis, 7; cardio- 
vascular disease, 6; secondary bleeding, 4; pneumonia, 3, and bleeding 
duodenal ulcer, general peritonitis, and erysipelas, 1 each. Renal 
insufficiency and uremia are important factors in cases in which urinarj’ 
obstruction and retention have existed for a long time. Pulmonary 
embolism has not occurred as a cause of death since the adoption of 
preoperative preparation of all patients. It has continued to be difficult 
to combat general sepsis, which usually emanates from an acute exacer- 
bation of cysto-ureterop 3 'elonephritis. It would seem that prostatectomy 
had little to do with some of the deaths, but these deaths arc included 
in the surgical mortality. 

The late results were good. The preoperative difficulty in urination 
was relieved in 95 per cent of the patients. 

Ware®-’ condemns the packing of the prostatic capsule with gauze 
tampons, as ineffective and cumbersome. The Hagncr and Pilcher 
bags overcome the disadvantages of gauze tampons, but these bags come 
in contact with the prostatic bed b}' drawing taut the rubber tube at 
its exit from the urethra and maintaining this pull b}' anchorage to a 
cradle with its points of support on the pelvis. These cradles arc at 
times difficult to adjust and hamper the movements of the patient. 
Ware has devised a method which he believes is superior. On com- 
pletion of enucleation, a Nelaton catheter is introduced until the vesical 
end becomes visible or can be palpated. A length of water-proofed linen 
fishing line is secured to the vesical end drawn into the wound. The 

catheter is withdrawn until a length of thread emerges which passes 

over a pulley at the foot of the bed and reaches the floor. Some Penrose 
tubing is secured to the thread emerging from the abdominovcsical 
wound by throwing a knot about loosely coiled folds of the tubing 
arranged in roset fashion, or with greater refinement transfixing loops 
of tubing with the same thread armed wth a large needle. When this is 
accomplished, the thread coursing through the urethra is pulled on. caus- 
ing the rubber tampon to follow until the resistance of the jiroslatic bed 
at the introitus of the bladder is felt. Traction is sustained by apjilying 
a sand bag weighing from 3 to 5 pounds (1.4 to 2.3 Kg.) to the end of 

the thread, which is allowed to fall over the end of the operating t.nblc. 

When the patient is put to bed. the end of the thread, witli its weight, 
plays over a pulley. The weight may be adjusted to the comfort of i1:l* 
patient. .\ thread attached to the tampon is allowed to emerge from 
the suprapnhic wound at the time of closure. 

In from forty-eight to seventy-two hours, when tin- rie(d f*'r 
hemo.stasis is past, the thread emerging from the urethra i*: c.:; clo.-c 

35. Ware. M. W. : ?u<t.iiiu‘fl CountiTWficht-Tr.^.ctkn hi < t 

rrosltitcctomy. .Ann. Surji. 86;.'(»1. 1927. 
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There is a marked and rapid increase in the volume of the gland. The 
diagnosis is frequently confused witli that of carcinoma of the prostate. 
A single lump on the surface of the prostate usually means the onset 
of malignancy. Numerous irregfularities and lumps suggest prostatitis. 
Pus in the expressed prostatic secretion and the presence of eosinophilia 
help confirm a diagnosis of infection. 

It is easier to make a diagnosis in acute cases, and tiiese are more 
significant on account of the urgency of treatment. Prostatectomy is 
the procedure to be used/ preferably in two stages. In acute forms, 
however, when the condition of the patient does not permit delaying 
operation, perineotomy must be performed to permit evacuation of the 
pus. At the same time, the bladder should be drained. 

Casariego®® advises perineal prostatotomy as the treatment for 
patients with urinary retention due to acute gonorrheal prostatitis; the 
posterior surface of tlie prostate is exposed by means of a deep longi- 
tudinal incision over both lobes. Persistence of retention of urine in a. 
case of acute gonorrheal prostatitis is a sign of formation of abscess 
with more or less destruction of the gland. Prostatotomy avoids this- 
and prevents the formation of caverns and fistulas of the prostate. It 
may often be considered as prophylactic treatment of chronic prostatitis. 

Calculi . — ^Thomas and Robert^® give an extensive review of the 
literature on prostatic calculi and report three cases. Although cases 
have been reported occasionally in the older literature, it usually was 
not considered that the stones originated in the gland itself. In more 
recent times, however, prostatic calculi have ceased to be a rarity; they 
are, in fact, much commoner than the ’number of reported cases would 
indicate. The etiologic factor of true prostatic calculi is still hypothetic. 
These calculi, whether septic or aseptic, have as a nucleus the corpora 
amylacea, which are albuminoid or nitrogenous-like bodies. They are 
usually multiple and the size of a “millet seed” or a “pea”; thqr are 
most common in middle and late life and are associated with other 
pathologic conditions. About 65 per cent do not cause symptoms and. 
are found accidentally during routine roentgen-ray examination or at 
operation. A persistent and rebellious prostatitis should arouse suspicion 
of calculi. Serious sequelae, such as abscess and gangrene, are rare. 
Malignancy and inflammatory nodules can be differentiated in almost 
100 per cent of cases by means of roentgenograms. Phleboliths must 
be taken into consideration. Surgical intervention 1^ the perineal route 
is the procedure of choice, except in cases in which the calculus com- 
municates with the urethra, when it ma}-^ be removed through the 


■irethroscope. 

39. Casariego, A. G. : Prostatotomy as Treatmejit of Urinary Retention Due to 

^cute Gonorrheal Prostatitis. J. Urol. 18:401. 1927. 

40. Thomas. B. A., and Robert. J. T.: Prostatic Calculi. J. Urol. 18:470, W- • 
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175. This is not so-called “pulse pressure’’ in its usual sense, but 
rather pulse pressure with systolic and diastolic limitations. Thomas 
has performed operations successfully in cases in which the systolic 
pressure was less than 110, or even 100, but the diastolic was always 
more than 60 ; conversely, he has had cases in which the diastolic pressure 
was less than 60, but the s 3 'Stolic was always more than 110. On the 
other hand, if the systolic pressure is more than 190, operation is 
a hazardous procedure, but it has been performed successfully several 
times when the diastolic pressure was less than 100 ; conversely, in main- 
cases in which the diastolic pressure was as high as 120, prostatectomy 
lias been performed with recover)', but the systolic pressure was 
invariably less than 175. 

Age, in itself, is never a vital factor in prohibiting operation on the 
prostate. Thomas believes that it is unwise to force old men out of 
bed too soon. The many complications incident to epididymitis, to 
phlebitis and to embolism will thereby be averted. 

Lowsley and Harrah report a case of complete retention of urine 
in a man, aged 32, due to solid tumefaction of the prostate gland. 
Suprapubic cystostomy was performed. 

The patient was subjected to suprapubic cystotomy under local 
anesthesia. Examination of the interior of the bladder revealed a rather 
firm mass about 4 cm. in diameter, extending from the floor of the 
neck of the bladder. A specimen was taken from this tumor-like jiro- 
jection and sent to the laboratoiy' for examination. The bladder was 
drained by suprapubic suction for a period of fourteen days, after which 
the prostate was removed suprapubically under sacral and parasacral 
and regional anesthesia. 

The growth had greatly increased in size since the first operation. 
Microscopic examination showed chronic inflammation suggestive of 
Hodgkin’s lymphogranuloma. 

Prostatitis. — Le Roy®" reviews a series of thirty-four cases of 
suppuration in prostatic hypertrophy. He believes that these conditions 
are relatively common and often pass unnoticed, because at times the 
pain is only moderate, and pyuria, the patient's general condition, ami 
the absence of unusual symptoms arc not suggestive of the principal 
disease. Prostatic suppuration calls for energetic and immediate treat- 
ment; otherwise serious complications set in. 

The urine is often clear, and, unless a rectal examination is made, 
the diagnosis may not be apparent until the condition is far advanced. 
The patient complains of a heavy feeling in the perineum and fly.'uria. 

37. Lowsley, O. S.. and Harrali, F. \V.: Hnlarccnicnt of the Pro‘:.i!f 
with Characteristics Rcscmblinf; Hodshins’ Disease. -Ann. Siirp. S6:5.''». V>27. 

38. Le Roy, C. M.: Des siippnr.-itions locales d.ms rhyi*ert«';>!i!e de la pr.-*:.:-. . 
J. d’urol. med. et chir. 23:311, 1927; 23:388. 1927. 
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SchiippeH- states that cystitis gangraenosa clessicans is the most 
unfavorable form of inflammatory disease of the bladder. The name 
was given to this disease by Stockel, who first described it and reported 
two cases. Although it is not possible to determine the number of 
reported cases, many have been observed. 

The prognosis is grave. In Subotski’s 167 cases, there were 
90 deaths. Constantini reports 18 (40 per cent) deaths in a group of 
45 women and 17 (51.5 per cent) in a group of 33 men. Houltani 
reports 8 (24.2 per cent) deaths among 33 pregnant women. This 
high mortality in women is explained by the association of this condition 
with unsuccessful abortion and adherent retroflexed uterus. The lower 
death rate among women in general is due to the fact that the urethra is 
shorter and permits more satisfactory drainage of the bladder. In men, 
prostatic disease, urethral stricture and tabes dorsalis are responsible for 
most of the deaths. 

Successful treatment depends on an early diagnosis, which necessi- 
tates a study of the underl 3 ring causes. Fronstein classifies the cases 
into four groups: 

1. The destructive factor began with some type of chemical which 
had been introduced into the bladder in too strong a concentration. In 
one case the condition was brought on by the introduction of 100 cc. of 
20 per cent potassium permanganate, in another by the injection of 
10 per cent sodium bromide for cystography. 

2. In this group, the condition was caused by external pressure, sucli 
as retroflexion of the uterus, and urinary retention due to urethral 
stricture and prostatic hypertrophy. 

3. The infectious cystitis had existed for a long time and gradually 
clianged to a gangrenous type without mechanical factors. 

4. In this group, the condition followed diphtheria, roentgen-ray 
therapy, impaction of calculus in the urethra, and extension from 
inflamed appendix. 

The best treatment is the establishment of free drainage, following 
cystotomy. Any urinary obstructions should be relieved. Many cases 
go on to the stage of contracted bladder with consequent infected 
ureterohydronephrosis. Occasionally, the contraction of the bladder is 
so marked that help is obtained only by plastic operations. Schuppel 
cites a case in which there were multiple urethral strictures. 

Decompression. — Bonneau^® states that in the presence of marked 
distention of the bladder in patients who have not been catheterized and 


42. Schuppel. A.: Ueber cystitis pfangraenosa dissecans und die Therapic ihrcr 

Folgen, Arch. klin. Chir. 145:380, 1927. 

43. Bonneau. M. R.: Evacuation lente de la vessie par drainage sus-puoien 

hliforme avant la cystostomie. Presse med. 2:1350, 1927. 
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BLADDER 


Gangrene . — Carson reviews 167 cases of necrosis and gangrene of 
the urinary bladder noted in the literature and added 6 cases in which 
necropsy was performed at the University of Maryland. Necrosis or 
gangrene of the bladder occurs as a result of: (1) interference with the 
circulation, internal or external pressure; (2) infection, general or 
local, with or without mechanical injury; (3) lesions of the central 
nervous system, and (4) chemical irritants. 

There were 116 females and 57 males. The age varied from 3 to 
75 years, the majority of patients being in the third and fourth decades. 

Of the 173 patients, 102 died, 67 recovered and 4 were not traced. 
In 40 cases, the gangrene occurred in pregnant women ; in 23 it occurred 
after labor; in 15 it was associated with retention of urine; in 11 
females it was due to external pressure with retention in 6. Cystitis 
was the antecedent in 14 cases (7 males and 7 females). The cystitis 
was complicated by retention in 7 of the 14 cases by stricture of the male 
urethra in 9 cases, in which there were calculi in the urethra in 3. In 
6 cases prostatic obstruction with retention was present, in 6 calculi in 
the bladder with retention, and in 6 irritants were a factor and retention 
was associated. General infections played a part in 15 cases, in 7 of 
which there was retention. In 12 cases there were lesions of the central 
nervous system, retention being present in 7. Trauma was the cause in 
5 cases; retention was associated in 3 of these. Extroversion of the 
bladder through the urethra occurred in 5 cases. I'here were 20 miscel- 
laneous cases, retention being an added factor in 10 of these. In all, 
retention was present in 76 (48.5 per cent). 

Obstruction of the circulation will explain the cases of simple 
necrosis, but pathogenic bacteria must be pre.‘>ent before ptUrefaction 
can take place. 

In the 67 cases in which the patients recovered, the diagnosi.s was 
made by C3''sloscopic examination, suprapubic cystotomy or exaniinatifni 
of the exudate passed by urethra. 

At necropsy, the mucosa of the bladder was frequently foiuul to be 
yellowish, greenish 3 'ellow, or black with a putrefactive odor, and tlic 
perivc.sicular tissues showed evidences of varying degrees of inilaiu- 
matory reaction, trigonilis, peritonitis and ureteritis. 

[Ed. Note. — I n view of the clinical rarit}' of ganyrenc of the bladder. 
Carson’s excellent review is timeh'. From a pathologic .‘•tandt oi:::. 


regardless of the exciting factor, one must feel that ultimat** imerjercare 
with the vesical blood supph' to .such an c.xtem as to de-tre.y zunririi-:: 
is the real cause of the condition. This prest!ppo-e? 
infection, intense irritation, or ^•cve^c trauma, a" i< bori-.e out by 




cases reported.] 


41. C.ar.«(in. W. ).: 
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In tliis way, the necrosis and bleeding can be cleared up and the tumor 
reduced in size suffidently to allow further treatment with electro- 
coagulation. . 

According to experiments on animals carried out by Dr^ler and 
Ginberg, chemocoagulation apparently does not have any permanent 
injurious effect on the normal mucosa of tlie bladder. 

Ulceration.— Bean “ reports three cases of ulceration of the bladder, 
a late effect of applications of radium to the uterus. These cases are 
usually seen by urologists, and the symptoms and appearance suggest 
carcinoma of the bladder, but a tumor is not present. 

There is often a history of irradiation with radium to a nearby organ, 
and there is an area of necrosis at the site nearest the application of 
radium. A histologic section is at times necessary to rule out a diag- 
nosis of carcinoma or tuberculosis. There is an interval of at least 
a year between the time of the irradiation and tlie onset of symptoms. 

The distressing subjective symptoms have been relieved readily by 
a prescription consisting of sodium citrate, 20 Gm., tincture of hyoscy- 
amus, 25 cc., and enough cinnamon water to make 120 cc., given 
1 teaspoonful in water two hours after each meal. 

The most satisfactory treatment for the lesion consists of injections 
of mercuroclirome-220 soluble into the empty bladder. To prevent 
undue irritation, the earlier instillations consist of 15 cc. of a 1:200 
dilution, administered three times a week. Later, when healing results 
in greater toleration, the strength of the solution may be increased 
gradually to 2 per cent, the same quantity being used as before at the 
same time intervals. It is important that this treatment be carried on 
with regularity and persistence. 

[Ed. Note. — In some cases, it is almost impossible to distinguish 
between radium irritation, ulceration or malignancy of the bladder, 
especially in cases in which radium has been applied for primary tumor 
of the bladder. The area in tlie bladder is usually reddened, raised and 
edematous, and has all the appearances of a primary lesion of the 
bladder. Another point is that brought out by Dean in this paper that 
there are sometimes intervals of at least a year between irradiation ancf 
the onset of the symptoms.] 

Exstrophy . — Colby reports a case of exstrophy of the bladder in 
a boy, aged 7. At one operation the left ureter was isolated from the 
bladder and transplanted to the sigmoid. Three weeks later at a second 
operation, the right ureter was transplanted to the cecum ; it was neces- 

45. Dean, A. L.: Ulceration of Urinary Bladder as Late Effect of Radium 
Applications to Uterus, J. A. M. A. 89:1121 (Oct. 1) 1927. 

46. Colby, F. H.: Exstrophy of Bladder; Report of Case, Boston & S. J- 
96:1033, 1S27. 
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whose urine is normal, slow decompression of the bladder is of great 
advantage; he empties the bladder bt* means of a lumbar puncture needle 
of small caliber, introduced into the bladder suprapubically. The bladder 
is usually completely evacuated in twelve hours. The urinary equilibrium 
is reestablished, and secondary cystostomy may be carried out without 
risk to the patient. 

Perrier, in discussing Bonneau's paper, slates that he also make.'! a 
suprapubic capillary puncture in cases of marked distention. He reports 
a case in which this procedure was carried out on two occasions; the 
second was necessary on account of too long a delay before proceeding 
with the cystostomy. 

Gerard, in cases of extreme distention, makes a small button-hole 
incision in the bladder through which he inserts a small catheter whicii 
is opened intermittently every other hour, permitting 200 cc. of urine 
to escape. The catheter is permitted to drain continuously after the 
fourth day. 

[Ed. Note — ^All stab or punch operations through the suprapubic 
regfion carry a moderate risk on account of possibility of injury to the 
peritoneum and urinary extravasation. The same results ns those 
obtained by Bonneau can be carried out by various methods of decom- 
pression with a urethral catheter, notably that described by h'oulds and 
Bumpus.] 

Tumors . — Drexler and Ginberg^^ state that during the last eight 
years Joseph has treated more than fifty patients with l)cnign and malig- 
nant tumors of the bladder either by chemocoagtdation alone or by 
chemocoagulation combined with electrocoagulation. The technic is as 
follows: A cystoscope is passed and the bladder washed and filled ns for 
cystoscopic procedure. A ureteral catheter with an open end is inserted 
through the cystoscope. and from 20 to 30 dnips of freshly prepared 
solution of trichloracetic acid is run over the ujqwr surface «»f the tumor. 
The tumor becomes white due to action of the acid. .After treatment 
the bladder is emptied and washed. 

Patients with tumors situated in an area of the bladder inacce.oible 
to the cystoscope can be treated with frcciueni instillations into the 
bladder of from 40 to 50 cc. of distinc<l water c(»ntaining from 20 to 
drops of trichloracetic acid. Long-standing hematuria, the rcMilt ni 
tumors of the bladder, can also be arrested in this manner, .\fier tw«» 
or three weeks either the tumor entirely <lisapiH*ars an«l i> rejilaced In 
.scar ti.s.sue. or it is retluced in size and is rcaily for further in'aimeju. 

Chemocoagulation is e.specially indicated in cases «if carcinom.i of die 
bladder with foul-smelling necrosis and bleeding with Hvoml.srj c\'!!!i- 

44. Dre.\U‘r. 1.. .nml GinlHTg. \V. : Tre.ntHU-!ii ttf glatllr,- T-.; 

ChcmocoaRulatioii. Surj:. (niuv. tSr Oli't. 45;H2i>. 
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[Ed. Note. — ^Torsion of the cord is so frequently associated with 
descended or partly descended testes in which some developmental error 
is present that it is interesting to note the occurrence of the condition 
in the abdomen. Thus another infrequent type of lesion must be con- 
sidered in the differential diagnosis of disease of the lower right quad- 
rant. The absence of the testis from the scrotum might point to such 
a lesion if other features of the condition are not contradictory.] 

Tumor. — ^Roeder*® describes a case of hyperplasia of the sub- 
peritoneal fat beneath the mesothelial coat (tunica vaginalis viscerum) 
of the testis. The patient had a left indirect inguinal hernia with a 
hydrocele of the tunica vaginalis. At operation, surrounding the cord 
and beneath the sac, was a continuous and complete layer of fat extend- 
ing from the testis up to and through the internal inguinal ring. After 
the sac of hydrocele had been dissected away, a small nodule beneath the 
testicular layer of the tunica vaginalis was noted. This proved to be a 
lipoma, well encapsulated, and more intimately attached to the tunica 
vaginalis than to the tunica albuginea. 

In reviewing the literature, attention is called to the fact that the 
scrotum embryologically is formed by a constriction of the walls of the 
lower part of the abdomen. The constriction includes the peritoneum 
and subperitoneal areolar tissue, the presence of which naturally favors 
the deposition of fat. Therefore, so-called fatty tumors of the testis 
should be regarded as hyperplasia of the subperitoneal fat originating 
from the areolar tissue beneath the tunica vaginalis viscerum or the 
testicular peritoneum. To be carefully differentiated, are masses of 
fat along the mesothelial tunics of the cord and fatty tumors in the 
region of the inguinal canal. Eight cases of lipoma of the testis are 
reported from the literature and analyzed. In the majority of these 
the tumor probably originated from the lower end of the cord and 
therefore cannot be classified as true testicular tumor, by the foregoing 
criteria. 

[Ed. Note. — In differentiating scrotal tumors one seldom thinks 
of the possibility of lipoma, a lesion which occurs surprisingly at times 
in other parts of the body. Roeder calls attention to the embryologic 
occurrence of this tissue in the scrotal contents and the clinical possibility 
of encountering such cases should be borne in mind.] 

Infarction . — Lubash reports a case of infarction in the testis. The 
testis belongs to the same category as the kidney, spleen and brain, m 
that its circulation is terminal. Since infarction of the testis exists, it 
should be thought of as an entity. 

48. Roeder, C. A.: Lipoma of the Testicle, Ann. Siirg. 85:275, 1927. 

49. Lubash, Samuel: Infarction of the Testicle, J. Urol. 18:421, 1927. 
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sary to use the cecum to receive this ureter to avoid tension. Photo- 
micrographs of the tissue removed from the bladder showed numerous 
mucus-secreting glands. 

[Ed. Note. — ^Thc mucus-secreting surface, described by Colby, is 
common in most cases of exstroph)’ of the bladder; it is the result either 
of metaplasia of the normal covering or of hyperplasia of glands in the 
mucosa. Such glandular structure often shows characteristics of 
malignancy.] 

TESTIS 

Torsion. — Ormond^" states that about 150 cases of torsion of the 
spermatic cord are on record, the first case having been reported by 
Delasiuave in 1840. It occurs most often near the age of pubert}*, 
although a few cases are reported shortly after birth and a few at 
60 years or more. The condition has also been observed at birth. 
The right side is slightly more afiFected tlian the left. Developmental 
errors most often associated with undescended testes (52 to 69 per cent 
of cases) have been held to be a predisposing cause. 

Etiologic factors mentioned are an abnormally loose scrotum, a 
voluminous tunica vaginalis, an unusually long gubemaculum, and an 
abnormal attachment of the cord to the testis. From a consideration of 
the anatomy, Ormond holds that the last two are the most probable 
etiologic factors. Ordinarily, the reflection of the parietal layer of the 
tunica over the epididymis forms a mesentery running from the globus 
minor up to the middle of the globus major. In most of the recorded 
cases of torsion, this has been much shortened and includes only the 
globus major, and the twst occurs in this very much shortened 
mesentery. 

Ormond notes in the literature five cases of torsion in intra- 
abdominal testis and adds a case of his own, that of a man, aged 42, 
who had experienced intermittent right-sided abdominal pain for two 
days before admission. At operation a mass was found consisting of a 
black swollen testis, with one complete twist of its mesentery, the testis 
being adherent to the tip of the appendix. There was no evidence of 
malignancy, which had been noted in three cases in the literature. In 
only one case (Stiles) was preoperative diagnosis definitely determined. 

In all these cases, the testis was on the right side. This is not true of 
torsion generally, although the right side is more frequently afiFected than 
the left, just as it is in maldescent of the testis, which seems to be the 
chief etiologic factor in torsion. 

Ormond hypothesizes that torsion in the intra-abdominal testis may 
be found usually on the right side because of the presence of the cecum 
with its intermittent loading and pull on the peritoneum. 

47. Ormond, J. K: Torsion of an Intra-Abdominal Testis, Ann. Surg. 85:280, 
1927. 
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Stricture of the ureter was seen in ten patients, three boys and 
seven girls. Diverticula and tumors of the bladder were also encountered. 

It is shown that the urinaiy diseases of childhood resemble those 
of adult life, and that with practice, cystoscopy in children can be 
accomplished without difficulty, and may be useful for therapeutic 
procedure as well as for diagnosis. 

Hunter and Montgomery “ follow up the work of Andrewes, who, 
when investigating the hypobilirubinemia indicated by the van den 
Bergh test in uremic serum, discovered a new t 3 rpe of diazo-reaction. 
On allowing the mixture of alcoholic extract from a uremic serum to 
stand in contact with the van den Bergh reagent for a period of twenty- 
four hours, Andrewes found that a pinkish-brown or buff color devel- 
oped, and tliat when this was made alkaline with a strong alkali, a bright 
red color appeared immediately ; this was stable for from a few minutes 
to more than half an hour according to its original intensity. 

Hunter and Montgomery observed nephrectomized rabbits and dogs, 
and thus confirmed the work of Andrewes. As a result of their investi- 
gations, they modified the technic previously used and presented the 
following: 

One gram of sulphanilic acid is added to a liter flask containing 
about 500 cc. of water and IS cc. of 37 per cent (concentrated) hydro- 
chloric acid. The contents are shaken at ordinary temperature till the 
sulphanilic acid has gone into solution. Water is then added and the 
contents mixed. The solution keeps indefinitely. 

It is more convenient and reliable to have a stock 5 per cent solu- 
tion of sodium nitrite than to make 0.5 per cent solutions at weekly 
intervals. Five grams of good quality sodium nitrite is dissolved in 
100 cc. 'of water. This, if kept in a stoppered bottle in an icebox, is 
reliable for at least a year, and for several months without the latter 
precaution. One cubic centimeter of this solution is mixed with 9 cc. 
of water before each diazotization. 

The test is performed by precipitating and centrifugalizing the serum 
or plasma with 2 volumes of 95 per cent alcohol, taking 1 cc. of the 
supernatant fluid in a small test tube, adding 0.4 cc. of the diazo- 
reagent and 0.1 cc. of concentrated hydrochloric add. The tube is 
heated over a flame or in a water bath at about 80 C., for a minimum 
of two minutes. If the test is positive, the buff color will then have 
developed fully. The tube is cooled and 1 cc. of 2.5 normal solution of 
sodium hydroxide is added and the tube quickly inverted. The intensity 
of the red color thus produced accords with the buff color obtained m 
the acid solution. As the buff color is stable, it is the more suited for 

52. Hunter, George, and Montgomery, R. C.: On the Diazo Reaction m 
Uremic Serum and in Normal Urine, Canad. M. A. J. 17:148, 1927. 
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The etiology, although still obscure, may be classified as follows: 
(1) predisposing, any condition that could cause embolism; (2) excit- 
ing, a temporary twist of the cord that may result in stasis in one of 
the arterioles. Infarction of testicle should be suspected in patients 
with temporary torsion whose sjnnptoms return after abatement. The 
treatment is purely surgical in the form of orchidectomy. 

URETHRA 

Chauvin*® distinguishes four groups of double urethra: 1. The 
complete double urethras which are more or less permeable canals 
extending from the bladder to a definite meatus ; there is no connection 
between the two urethras. 2. The one-eyed juxtra-urethral ducts, 
which end in a culdesac at one or the other of the extremities open 
either into the bladder or to the exterior. 3. The bifurcation type of 
unique, and it is the anterior segment which bifurcates into two portions, 
into two branches of variable calibers. At times the deep urethra is 
unique, and it is the anterior segment which bifurcates into two portions. 
In other cases the reverse disposition, in which the anterior is single and 
the posterior portion is double, is found. The accessory canal in this 
form may be on top, underneath or on the side of the principal urethra. 
4. The fourth type comprises the canaliculized diverticula; they com- 
municate by one of their extremities. In this type are merely small 
cellules which usually dip down into the spongy or prostatic urethra. 

UROLOGIC DIAGNOSIS 

Kretschmer points out that all adult patients who present symp- 
toms of lesions in the genito-urinary tract are generally subjected to a 
complete urologic examination. This is not ordinarily the case with 
children, although infants and children are subject to almost all the 
urologic diseases of adult life, except enlargement of the prostate and 
carcinoma. As a matter of fact, small cliildren can be subjected to a 
complete urologic examination. There are seven patients in this series 
under 12 months of age. The youngest was a boy, aged 27 days. 
Thirty-four of the patients were males and fifty-two were females. 

The S 3 nnptoms in children and adults are about the same in order 
of incidence: fever, pain', cloudy urine, frequency and hematuria. 

In disorders of the kidney, pyelitis leads the list, followed by tuber- 
culosis. The patients with persistent pyelitis were treated by pelvic 
lavage with solutions of silver nitrate. 

50. Chauvin, E.: A propos des uretres doubles; en particulier de leurs varietes 
posterieures, J. d'urol. med. et chir. 23:289, 1927. 

51. Kretschmer, H. L. : Urologic Problems in Infancj' and Childhood, J. Urol. 
18:433, 1927. 
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All cases of spontaneous cystitis, all cystitis resisting the usual treat- 
ment for this condition and recurring cases of cystitis suggest tuber- 
culosis. In all cases of cystitis, except those following urethritis, 
cystoscopy should be carried out. Catheterization of the urethra should 
not be preceded by a general examination of the bladder. Any type of 
hematuria demands immediate urologic examination. 

All patients with renal pyuria which is not definitely tuberculous 
require roentgen-ray examination. All roentgen-ray examination for 
renal stone should include the entire urinary tract. 

The use of vaccines is often a “cache-misere,” masking the phy- 
sician’s ignorance and his incapability of establishing a diagnosis of 
infection. The diagnosis should be made primarily, and vaccine should 
never be used unless other methods are useless. 

Marion,®® in discussing the value of phenolsulphonphtlialein, insists 
on the following points: 1. One should always use phenolsulphon- 
phthalein of the same origin. 2. In an intravenous injection, it is neces- 
sary that the entire amount be injected into the vdn. 3. The 
measure of standard must be frequently renewed. 4. If the result is 
doubtful, the test must be repeated several times. 

A patient eliminating large quantities of phenolsulphonplithalein can 
usually be considered as having good resistance. In cases in which the 
amount of phenolsulphonphthalein is found low on several occasions, 
the surgical outlook is usually poor. 

The phenolsulphonphthalein test is more reliable than the so-called 
Ambard’s “constant” ; if fever is present, the constant improves, whereas 
the amount of phenolsulphonphthalein eliminated diminishes, giving a 
more accurate index of the condition. 

Pescatori ®® cites a case which he called “false appendicitis.” The 
patient had pain in the right hypochondrium, radiating into the ileocecal 
fossa and occasionally to the left side. A diagnosis of chronic appendi- 
citis was made, but roentgenologic examination revealed a "bean-sized" 
stone in the left kidney. Roentgenograms of the gastro-intestinal tract 
were negative. Removal of the stone was followed by uneventful 
recovery. Pescatori calls attention to this case,, and it is cited here to 
show the valuable use of the roentgen ray in differential diagnosis, a 
point in technic used in American urologic circles for a long time. 

[Ed. Note.— This report is of interest in that tlie clinical course is 
the opposite to that usually observed. Frequently, patieirts with urinarj' 
calculi are subjected to one or more abdominal operations before the 
true nature of their condition is determined. In a series of more than 


55. Marion, G.: A propos de I'epreuve de la phenosulfophthaleinc, J. diir 

med. et chir. 24:57, 1927. , , - i c;«Ufra 

56. Pescatori, Guido: Sindrome appendicitica da calcolosi rcnalc sim 

rivelatasi ai rag^gi X, abstr. Ztschr. f. urol. Chir. 21:13, 1926-1927, 
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comparative tests. At any rate, it can be preserved until it is convenient 
to add alkali to a series of tubes at one time. 

As originally pointed out by Andrewes, the secondary red color is 
produced only by the addition of strong alkali. This color will not 
develop with strong alkali in the presence of a large amount of ammonia, 
so that ammonium sulphate cannot be used in this test in association 
with alcohol to precipitate the proteins from the serum, as recommended 
by Thannhauser and Andersen for the van den Bergh test. 

Their technic makes the test more sensitive and renders it less sub- 
ject to interference. The substance giving the diazo-test in uremic 
scrum is shown to be a normal, but as yet unidentified, urinary 
constituent. 

Gottlieb and Strokoff®® report several cases in which pneumo- 
pyelography was emplo 3 'ed. They drew the following conclusions from 
their study: 1. This is a method of choice on account of the absence 
of irritation even in cases of hydronephrosis. 2. It permits the obtain- 
ing of pictures of stones which are not usually opaque in roentgeno- 
grams. 3. Only one roentgenogram, instead of two, is necessary to 
make the diagnosis. 4. Its technical application is simple and harmless 
when properly used. 

[Ed. Note. — Pneumopyelography has not been used extensively in 
this country. Apparently from reports in American periodicals the 
results are not so successful as reports from foreign clinics seem to 
indicate. As cystoscopy and pyelography are such satisfactory diagnostic 
procedures, and in most cases permit a precise diagnosis, pneumo- 
pyelography would have to be markedly improved before it is used to 
any extent in American clinics.] 

Marion g^ves a number of general principles in diagnosis and 
treatment of urologic conditions. He states that it is necessary to 
establish the diagnosis of a disease by relying on one physical symptom, 
such as pyuria or hematuria, rather than on a functional trouble, such 
as pain or frequent urination. 

If, during urethral catheterization, obstruction is encountered in the 
region of the bulb of the urethra, a Benique catheter should be used 
and not a sound or a bougie of smaller caliber. 

Hematuria in a patient with prostatic hypertrophy must not be 
attributed to the prostatic enlargement unless all other causes of 
hematuria have been eliminated. 

A patient suffering from chronic urinary distention caused by 
prostatic hypertrophy should not be catheterized ; the bladder should 
be drained and explored. 

53. Gottlieb, J. G., and Strokoff, F. J.: La pneimioEyelographie, J. d’urol. 
med. et chir. 23:328, 1927. 

54. Marion, G. : Quelques grands principles directeurs du diagnostic et de la 
therapeutique urologiques, J. d’urol. med. et chir. 23:194, 1927. 
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A choice is given, of nitrous oxide, ethylene, spinal anesthesia, sacral 
block and local infiltration. Spinal anesthesia is disapproved because of 
its effect on the blood pressure, preference being given to sacral block 
and local infiltration, for suprapubic and scrotal operations and to 
r^ional block, local infiltration and analgesia by nitrous oxide oxygen 
for operations on the kidneys, at times to be supplemented with local 
infiltration. 

In operations on the bladder and prostate, sacral block, combined 
with infiltration of the abdominal wall, is recommended, the technic 
of Hunt being followed. The wall of the bladder is also infiltrated, as 
well as the capsule of the prostate, if this is the point of attack. Usually 
this procedure will suffice, but the anesthetist must reassure the patient; 
if there is apprehension, he should be ready to administer nitrous oxide 
to the point of analgesia. The patient is for this reason given .a pre- 
liminary hypodermic injection of morphine and atropine. 

In the genito-urinary examining room. Lower prefers the use of pro- 
caine to cocaine as a uretliral anesthetic, especially in operations such as 
urethrotomy. For cystoscopy 10 cc. of a 2 to 4 per cent solution of 
procaine is used. If a pyelogram is to be made, morphine is not given, 
as Lower believes that the patient should be sensitive to the pain of 
renal distention. In cases of tuberculosis of the bladder, sacral anes- 
thesia finds a field of usefulness. It is contraindicated in punch 
operations because of the fact that complete relaxation of the neck of 
the bladder frequently follows sacral block. Local infiltration of the 
neck of the bladder, together with analgesia by nitrous oxide, finds a 
field of usefulness here. 

In the case of old men with enlarged prostates, the combination of 
sacral block and abdominal wall infiltration is emphasized as being a 
life-saving procedure. 

[Ed. Note. — ^Lower expresses the thought of the more progressive 
urologists of the day. Sacral block is easily administered in the average 
case, and with infiltration of the abdominal wall as a rule no further 
injection of the bladder or prostate itself will be needed. If the 
anesthesia is properly administered, it may be said also that pain will 
as a rule be absent, and there will sddom be need for nitrous oxide or 
any form of anesthesia by inhalation unless it is given because of 
apprehension or mental confusion of the patient. Lower uses procaine as 
an anesthetic for the urethral mucosa. It has been the experience o 
most urologists that procaine has little surface action; in order to have 
an anesthesia with a satisfactory surface action, it is usually necessary 
to use cocaine.] 
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1,400 patients with renal stone, 50 per cent had had at least one opera- 
tion and 20 per cent, two or more operations before the renal stone was 
removed. In a second series of 400 cases of ureteral calculi, either the 
gallbladder or the appendix had been removed in 23 per cent. In at 
least half of these cases, stones had been present in the left ureter.] 

Jeck and Munch point out the truth of the words of Watson, who 
says: “In the examination of urine for tubercle bacilli, the method 
which requires the fewer laboratory reagents, consumes less time, and 
gives a higher percentage of positive results is the one which will be used 
eventually.” They, therefore, carried out a most thorough and con- 
vincing group of experiments, proving the value of simple centrifugal- 
ization as a method of identifying the bacilli of tuberculosis in the urine. 
They found that in examining any specimen of urine for the bacilli by 
centrifugalizing methods, the best results were obtained when the speci- 
men was centrifugalized for a period of not less than fifteen minutes 
at a speed of approximately 2,300 revolutions a minute. Longer than 
fifteen minutes is apparently unnecessary. 

Pus is important, as a centrifugalizing force, in carrying down the 
bacilli. According to certain established methods, part of the pus should 
be removed in order to produce better smears; then the pus removed 
should be examined for bacilli as well as the final sediment. Coincident 
centrifugalization of part of the unknown specimen to which bacilli 
from a stock suspension have been added and subsequent coincident 
staining of both smears on the same slide are advisable. 

Simple centrifugalization as a means of finding the bacilli of tuber- 
culosis in the urine is equal to any established method and better than 
most of them. It would, therefore, seem to be the most satisfactory 
method for the urologist who does his own laboratory work or who 
has it done under his own supervision. 

Lower®® favors the use of the anoci-association method of anes- 
thesia from the standpoint of minimizing traumatic and psychic shock. 
The lipoid solvent anesthetics, such as ether and chloroform, have a 
special deleterious effect on the kidneys. Albuminuria follows their 
usage in about a fourth of the cases. In patients with diseased kidneys, 
the effect of inhalation anesthesia of this type may be enough to 
produce fatal urinary suppression or persistent albuminuria. Lower 
thus believes that the use of ether and chloroform is contraindicated 
in renal operations or when the urinary tract is already carrying an 
extra load. 

57. Jeck, H. S., and Munch, Margaret A. : Studies in Centrifugalization as a 
Means of Identifying Tubercle Bacilli in the Urine, J. Urol. 18:607, 1927. 

58. Lower, W. E.: Anesthesia in Genito-Urinary Operations, Ann. Surg. 86: 
268, 1927. 
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Fig. 1. — Postmortem specimen. A indicates the jejunum, adherent to surface 
of bowel ; B, four smaller ulcers ; C, the perforated ulcer ; D, the narrowing and 
constriction of lumen, and E, marked hypertrophy of wall of colon proximal to 
ulceration and narrowing of lumen. 
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SIMPLE, NONSPECIFIC ULCER OF THE COLON* 
MAURICE E. BARRON, M.D. 

BOSTON 

Simple, nonspecific ulcer is a pathologic lesion whicli occurs in tlie 
colon. It may exist as a single lesion or it may be multiple. The 
fact that it does occur and usually tends to perforate should make one 
ever mindful of its occurrence. 

B}' simple ulcer is meant an ulcerating lesion which is not due to the 
action of any specific organism such as the specific ulcer of tuberculosis, 
syphilis, ulcerative colitis, dysentery, typhoid fever or to the local action 
of any chemical agent, and which is not secondary or above a malignant 
tumor causing constriction. 

This series comprises fifty-three cases ; fifty were collected from the 
literature and three are cases that I observed. In this series, the cases 
include simple ulcers of the colon regardless of their location. Both 
perforated ulcers and chronic latent ulcers have been considered, since 
in certain patients the ulcers may have been multiple, one ulcer having 
perforated and the others remaining quiescent. I liave included also 
simple ulcer of the rectum as I believe the etiology and pathology 
of this disease to be the same as that of simple ulcer on any segment of 
the colon. I have also included those simple ulcers which, in the process 
of healing, have caused a stenosing cicatrix, and thus given rise to partial 
or complete obstruction. In other words, all ulcers of the colon of a 
nonspecific nature that were studied by autopsy, resection or 
visualization at time of operation were included. 

HISTORICAL 

There is nothing in the American literature regarding this lesion aside 
from a case report by Lyle,^ in 1912, and a report of three cases by 
Dickinson,® in 1922, entitled, "Perforating Ulcers of the Cecum.” Most 
of the cases reported are found in the French and German literature. 

This disease is not new, and was first described by Cruveilhier ® in 
1830. Since then, there have been many cases reported. No attempt 

* From Surgical Department of Beth Israel Hospital, Boston, Mass. 

1. Lyle, H. H. M.: Simple Ulcer of the Colon: Perforation, Ann. Surg. 
56:473, 1912. 

2. Dickinson, G. K.: Perforating Ulcers of the Cecum, J. A. M. A. 78:1792 
(June 10) 1922. 

3. Cruveilhier, J. : Rectum, Atlas d’anatomie et pathologic, 1830-1832, p. 4. 
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was made to collect a group of these cases for study until 1902. At that 
time, Quenu and Duval ^ reviewed twenty-seven cases of simple ulcer 
of the colon reported in the literature, including their own case which’ 
presented an ulcer of the rectum. Twenty-five of these patients were 
studied both in life and at postmortem examinations. Autopsy was 
incomplete in one case and in another case a histologic and gross study 
of the resected lesion was made. 

In 1920, R. Soupault ® reviewed twenty-seven cases of perforated 
ulcers of the colon. In his series, he eliminated ulcers of the rectum, 
ulcers situated above a stricture, ulcers causing stricture, though the 
strictures be due to a healed ulcer, and latent ulcers that have not per- 
forated. Since then there have been several cases reported both in the 
French and German literature. 

A brief historical resume of the cases reported since 1837 is given 
in the following table. 

REPOST OF author’s CASES 

Case 1. — History. — ^Mr. S. B., a carpenter, aged 55, entered the surgical 
ser\’ice of the Beth Israel Hospital on Nov. 4, 1926, with a complaint of pain in 
right lower quadrant. His famil)’ and past history were essentially negative. 
About two months previously, he had had an attack of pain in right lower quadrant 
which was not sharp or radiating. At that time, it was not severe enough to 
keep him in bed. The pain lasted one and a half days and was not associated with 
nausea or vomiting. The day before entrance to the hospital, he had a similar 
attack, but much more severe. Fain was localized just to the right of McBurney’s 
point, causing him to double up. He was unable to work at this time. At no 
time previous to this history had he complained or consulted a physician for any 
abdominal condition. He was markedly constipated, always using cathartics. 
There never had been any nausea or vomiting. His stools \’aried in shape, and 
he described the color as being like that of weak tea. For two years he had had 
epigastric distress after meals. He weighed 171 pounds (77.6 Kg.). He had 
never been jaundiced. 

Physical Examination . — The patient was a well developed and well nourished, 
middle-aged man, lying in bed with no objective signs of pain. The skin was 
moist and the face flushed. There was nothing else of note except marked tender- 
ness of the whole right side of the abdomen. The maximum tenderness seemed to 
be in a line slightly above McBume}'’s point on the level with the umbilicus. There 
was a slight spasm in this region. The rastovertebral angles were not tender. 
The abdomen was tympanitic throughout No definite mass was made out over 
the tender area. A provisional diagnosis of acute appendicitis was made, and 
immediate operation was advised. The results of the urinalysis were negative. 
Examination showed: white blood cells, 12,300; temperature. 100 F. ; the pulse 
rate, 100, and respiration, 22. 

Operation. — ^Nov. 4, 1926: A right rectus incision was made under ether 
anesthesia, and a small amount of free fluid escaped from the peritoneal carity. A 


4. Quenu, E., and Duval, P.; Simple Ulcer of the Large Intestine, Rev. de 
chir. 26:692, 792, 1902. 

5. Soupault, R. : Contribution to the Study of the Perforation of Simple 
Ulcer of the Colon, Rev. de chir. 58:4^, 1920. 
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The following r^rt was made at this time from the x-ray department- The 
tone of the stomach was good, and peristalsis was normal; the outline of the 
stomach was regular while the duodenum showed constant irregularity Exami 
nation made five hours after the ingestion of the barium meal show^ a small 
residue m the stomach (from 10 to IS per cent). The head of the meal was in 
&e distal portion of the colon (hypermotility). Examination made twentv-four 
hours after the barium meal showed the head of the meal in the ampulla of the 
rectum. The entire colon ivas empty. Examination of the colon with an opaque 
enema did not show any obstructive lesions. The cecum and ascending portion 
of colon showed finger-like defects, but its outline was rather smooth. The 
termmal ileum was well filled, distended, and also showed irregular filling. The 
inferior border of the transverse portion of colon was slightly irregular and 
appeared to be fixed. 


The hypermotility of the colon ivhen examined five hours after the barium 
meal and also the rapid emptying of the colon after the twenty-four hour exami- 
nation suggested marked colonic irritation. This, together with the filling defect 
in the terminal ileum, cecum and ascending portion of the colon, definitely pointed 
to a pathologic process in that region. The entire picture was not characteristic 
of a malignant condition. There was a possibility of a tuberculous lesion. 

The patient did not appear again until his next admission to the hospital on 
Aug. 15, 1927. This was the first time that he came to my attention. Again, the 
chief complaint was pain in right side of the abdomen. The patient said that he 
had been operated on at the Seth Israel Hospital seven months before. He had 
been discharged as cured, but he had never felt well since his operaUon. The 
week before his second admission, the pain was rather severe and stabbing, and 
seemed to be getting worse. The family physician said that he had felt a tumor 
in the patient’s right side since he left the hospital, and that the tumor was now 
growii^ larger. His appetite was good. During the past four days, he had been 
constipated, requiring enemas. Previous to this, he said that he had had bowel 
movements about eight times a day; the stools were watery and accompanied by 
considerable gas. There had not been any nausea or vomiting. His best weight 
was 210 pounds (95.2 Kg.) one year before admission to the hospital. At the 
time of the previous operation, he weighed 171 pounds (77£ Kg.) ; his present 
weight was 164 pounds (74.4 Kg.). 

On his discharge from the hospital after his previous operation, he gained in 
weight, hut recently he had been losii^. His past history and family histor} 
were the same as on the previous admission. The physical examination was essen- 
tially the same, except for the abdominal examination. There was a scar orer the 
right rectus muscle as a result of the previous operation. His right side was 
rigid and spastic all over. There was a palpable mass about the size of a small 
grapefruit which seemed to be somewhere in the center, between the right i lac 
fossa and the right costal margin. This mass was extremely tender to the touch. 
The left side of the abdomen was soft and tympanitic throughout and tend^css 
was not noted. A provisional diagnosis of malignancy of the^ colon wit i a 
secondary inflammation was made. The patioit had a slight elevation of lOTpera 
ture; the pulse rate was not increased. An x-ray report two days after admissio 
showed the following: The tone of the stomadi was good; peristalsis was norma , 
the outline was regular, and the duodenum did not show any filling e c 
appeared to be fixed. Examination five hours after the ingestion of a Dan 
meal in the stomach showed the head of the meal in the sigmoid 
entire colon tvas well filled. The cecum was irregular and showed a 
filling defect. Examination twenty-four hours after the barium meal s 
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PreoperatiTO 


Author 

Sex 

Age 

Dlaenosls 

iKicntlon 

Perforation Besult 

31. Lyle: Ann. Sure. SO : 473, 

P 

20 

Appendicitis 

Ascending 

perforation No au- 

1012 



colon 

topsy, cured 

32. Eunllcc: Deutsche Ztschr. t. 

M 

63 

Stranraloted 

homln 

Hepatic 

Perforation Autopsy, 

Olilr. 147:234, 1018 



flexure 

33. Soupnult: Her. dc clilr. 

P 

22 

Appendicitis 

Ascending 

Perforation No au- 

S8 : 480, 1020 



colon 

topsy, cured 

31. Bnzy: Bull, ct in6m. Soc. 

M 

03 

Obstruction. 

Ascending 

Perforation Autopsy 

dc chlr. dc Paris 40: 

410, 1020 



cancer 

colon 


S!i. Tdfnn 

M 

20 

Appendldtls 

Cecum 

Perfnrntinn No nii- 


topsy, cured 

30. Grceoirc: Bull, ct mdni. 

M 

55 

Appendicitis 

Sigmoid 

Perforation No au- 

Soc. dc clilr. dc Paris 

40 : 420, 1020 



topsy, death 



ST. SIcur: Bull, ct mdm. Soc. 

M 

30 

No dlnsnoBls 

Cecum 

Perforation Autopsy 

dc chlr. dc Paris 40 : 
421, 1020 






38. Lardcnnols: Bull, ct ni4ni. 

M 

62 

Peritonitis 

Cecum 

Perforation Autopsy 

Soc. dc chlr. dc Purls 
40 : 447, 1020 






30. Schocmakcr, quoted by 

M 

No 

Peritonitis 

Sigmoid 

Perforation Autopsy 

Soupnult 


ago 




40. Levy: Deutsche Ztschr. 1. 

M 

2?o 

Appendicitis 

Cecum 

No perfora- No au- 

Chlr. 10S:aCG, 1021 


age 


tlon topsy, cured 

41. Ecot and Blehard: Bull, ct 

No see 

Obstruction 

Ascending 

Perforation No an- 

mdm. Soc. anat. dc Paris 

or 8CX 


colon 

topsy, cured 

»S:i38, 1022 





42. Dickinson: J. A. M. A. TS: 

M 

No 

Appendicitis 

(hicum 

Perforation Autopsy 

1703 (Juno 10) 1022 


age 



43. Idem 

M 

22 

Chronic appen- 
dicitis, chronic 

- Cecum 

Perforation Autopsy 






eholecys title 



44. Idem 

M 

60 

Appendicitis 

Cecum 

Perforation No au- 


topsy, cured 

45. Boven: Guy's Hosp. Bcp. 

P 

No 

Intestinal 

Sigmoid 

Perforation No au- 

72:441, 1022 


aee 

perforation 


topsy, death 


P 

27 

No dlaenosls 

cecum 

Perforation No au- 



topsy, does 






not state 

47. Challcr and Mallct-Guy: 

M 

60 

Tuberculous 

Ascending 

No perfora- Autopsy 

Arch. d. mal dc I'app. 
dlffcstll. 13:521, 1023 



peritonitis, 

tuberculous 

colon 

tlon 



enteritis 


No perfora- Bescctlon, 

48. Mints: Zentralbl. 1. Chlr. 

P 

18 

Intussusccp- 

Cecum 

SO: 1208, 1023 



tlon 


tlon pathologic 





examination. 






cured 

40. Broore: Kcdrl. TIJdschr. v. 

P 

80 

No dlagnoslB 

Sigmoid 

Perforation Autopsy 

Geneesk. 07 : 2274, 1023 
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large, inflammatory mass was found at the hepatic flexure, firmly tied down to all 
the adjacent structures. The mass was covered by omentum. The distal portion 
of the ascending colon seemed to be adherent to the transverse colon. The 
adhesions were separated without much difficulty, and a small opening was found 
in this inflammatory mass from which thick, greenish pus escaped. The appendix 
was retrocecal and did not show evidence of acute inflammation. It was removed 
in the usual manner. The abdomen was closed in layers with two cigaret wicks. 

The patient made an uneventful convalescence. There was a purulent discliargo 
from the abdominal sinus which eventually cleared up, and the patient was dis- 
charged well, eighteen days after operation. The wound was well healed through- 
out. The patient was advised to come back for further x-ray study, but he did not 
return to the hospital until Dec. 14, 1926. 
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3 cm. thick, representing a fecal fistula. The mucosa was thick, almost 
gangrenous about the opening. 

On the ascending colon, distal to the perforation and under the site of the 
pocket was a shallow ulecr 1.S by 1 cm. The base of this ulcer rested on sur- 
rounding fatty and scar tissue. Four other smaller ulcers were present, 1 cm., 



FIs. 2 (a.™ indicate* 

barium can be seen escaping in a small amount, 
following a barium enema. 

4 cm. and 1 cm. in diameter, nentrring at ” N^ciiTaiicatoS 

were pale, the edge* (Inah tvith the ,^„„atagX thstm . 

be found hetween the base of the ulcer and t . fibroblastic 

Microscopic examination of the granulation tissue was 

tissue which extended almost to the surf.nce. The amount 
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that the entire colon was practically empty, except for a small amount of barium 
in the distal portion of the colon. The region of the gallbladder did not show 
any evidence of stones. 

The nonfilling, the irregularity and the hypermotility of the colon suggested a 
lesion in the cecum, whidi I believed would be revealed after x-ray examination 
made after a barium enema. 

The patient’s temperature gradually rose and the pulse rate increased. Pain 
was becoming worse and the mass was growing larger. Operation was advised 
on August 25, ten days after admission. The results of the urinalysis were 
negative, and the white blood count was 13,150. The Wassermann reaction of 
the blood was negative. 

Operation — ^August 25; A right rectus incision, 4 inches (10.16 cm.) long, 
was made over the mass under ether anesthesia. On opening the peritoneal cavity, 
a large amount of a thick, greenish-yellow, foul smelling, pus escaped. Exploration 
revealed a large abscess cavity between the ascending colon and the 'lateral 
abdominal wall. There were many pockets which were freed so that one large 
abscess cavity resulted. The wound was closed in layers with two cigaret wicks 
and one rubber tube drain. On account of the severe inflammatory reaction and 
the large amount of pus in the abscess cavity, nothing further was done. Swabs 
from the abscess at the time of operation showed colon bacilli and a few short 
chained streptococcus. 

The patient made an uneventful convalescence from the immediate effects of 
the operation. A considerable amount of pus drained until the sixth day when 
he developed a fecal fistula. On September 8, his head blocks were removed and 
he was taken off the Fowler’s position; the temperature and pulse were normal. 
Fecal matter was still draining. On September 12, there was a marked inflam- 
matory reaction around the edges of tiie wound. The temperature and pulse 
rate were normal. On September 20, the wound stopped draining. There was a 
sudden rise in temperature and pain was felt in the right side. Flaxseed poultices 
were applied and the wound began to drain again, but from that time on the patient 
became progressively worse and died on October 14, seven weeks after operation. 

Postmortem Examination. — ^A large abscess was found in the right upper 
quadrant of the abdomen. The lowest portion of the right lobe of the liver formed 
the roof of the abscess cavity; the hepatic flexure, the medial wall, and the 
abdominal wall, the lateral wall. That portion of the liver which formed the 
roof of the abscess was gangrenous and necrotic. On the ascending colon near 
the hepatic flexure, there was a large perforation. 

Pathologic Report. — Oct. 14, 1927 : The specimen consisted of 5.5 cm. of 
terminal ileum, cecum, ascending colon with a portion of transverse colon, the 
whole measuring 30 cm. in length. The external surface of the cecum and the 
ascending colon was covered by a mass of densely adherent mesentery and scar 
tissue. At the hepatic flexure, this mass of adhesions was separated to form the 
wall of a pocket, roughly 7 cm. in diameter. A loop of jejunum was bound to 
the outer surface of the pocket by dense scar tissue. The wall of the pocket was 
made up of fibrous tissue 3 mm. thick, lined by a greenish, necrotic membrane. 
Beyond the pocket, the scar tissue stopped abruptly. A portion of omentum was 
adherent to the transverse colon. The adhesions were readily broken. 

When the intestine was laid open, nothing remarkable was found in the ileum 
and jejunum. The cecum was lined by a reddish thickened mucosa. The wall of 
the ascending colon was thickened and fibrous and showed an irregular opening 
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Pa»hoU,g,c R,^rt.-A snnit pfc« of tissue the size of a Ita. b™ 

^ et^med. Gross examiuation showed that it was hemorrhagic fat tissue 
^ tube was congmited, thickened aud showed Sbrous adhesiona The erst « 
the size of an orange, containing clear contents. The vermitonn appendii 6 ciu. 



Fig. 3 (case 2 ). — A indicates the cecum, showing the filling defect three weeks 
after operation. B shows the spasm of the descending colon opposite the site of 
the lesion. This observation has been stressed by Carmen and others. (Roentgen- 
ray examination five 3 'ears later showed a normal cecum.) 


in length, did not show an}' acute signs of inflammation. Microscopic cxaniin.v 
tion of omentum revealed some hemorrhage into the adipose tissue, with a mar 'c 
pob'morphonuclear leukocyte infiltration. 
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small. A cellular exudate of lymphoid, plasma and polymorphonuclear cells, 
relatively small in amount, was present. The surface was covered by detritus. 
There was a marked increase in connective tissue beneath the ulcer, associated 
with atrophy and disappearance of muscle fibers and extending^ into surrounding 
fatty tissue. Large collections of lymphoid and plasma cells were present and a 
few polymorphonuclears. 

Following the patient’s death, the x-ray films were again studied. From the 
last x-ray examination, it now seemed rather evident that there was a small 
perforation in the distal portion of the ascending colon through which a small 
amount of barium could be seen escaping from the lumen of the bowel. This was 
overlooked prior to the operation. However, bad this complication been noted, I 
hardly think that anything else could Iwe been done for this man in the presence 
of the severe inflammatory reaction and the collection of pus in the abscess cavity. 
It seemed to me that proper drainage of the abscess was sufficient treatment. 
The fact that the fecal fistula was established and that the temperature returned 
to normal, would seem as though the abscess cavitj* had been properly drained 
and that there were no fecal contents remaining within the abdominal cavit}-. It 
is possible that there was another abscess which did not drain sufficiently and 
which caused necrosis of the liver, which ultimately resulted in the patient’s death. 

Case 2. — History . — iliss SI. G., aged 23. entered the surgical service of the 
Beth Israel Hospital on Feb. 23. 1923, with a complaint of severe pain in right 
lower quadrant. The onset of the condition began two days prenously. At first, 
pain was generalized, then it seemed to localize itself in right lower quadrant 
She A'omitcd several times during the day of entrance. There had never been any 
abdominal pain previously. There was no blood in the TOmitus, and the patient 
had never noticed any blood in the stools. Cough or hemoptj'sis was not noted. 
The menstrual history' and the results of the urinalysis were negative. The leuko- 
cytosis was 13,000. The family history and past history were negative. 

Physical Examination.— The patient was a well developed and well nourished 
young w’oman, lying in bed complaining of severe pain in right lower quadrant. 
The temperature w’as 99 F., the pulse rate, 90. There was nothing else of note 
except for the abdominal examination which revealed marked tenderness in the 
right low-er quadrant with spasm of the muscles over this region. A definite 
tumor or mass could not be felt. Maximum tenderness was dicited over 
McBurney’s point. Other than this, the abdomen was soft and tympanitic. A 
provisional diagnosis of acute appendicitis was made, and immediate operation was 
advised. 

Operation . — ^The operation was performed under ether anesthesia on the night 
of entrance to the hospital. A right rectus incision was made. The appendix 
appeared normal. On the anterior lateral surface of the cecum, there could be 
seen and felt an indurated, inflamed, hard mass over which some omentum 
adhered. The omentum was separated from the cecum, and a piece covering this 
mass W’as excised, revealing w’faat apparently was the base of an ulcer about the 
size of a quarter. There was no evidence of perforation. The ulcer was round 
and hard, resembling a callous peptic ulcer. Three mattress sutures of silk were 
placed through the serosa about the ulcer and it was covered with omentum. 
There w’as no evidence of tuberculosis as far as could be seen. .\ simple cyst of 
the right ovary about the size of an orange, together with the right tube, was 
also exdscd. The abdomen was then closed in layers in the usual manner. The 
patient made an uneventful convalescence and was discharged well in fourteen days. 
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half dollar on the right lateral and posterior wall of the rectum about 6 inches 
from the anus. In the center of the ulcer a bleeding point could be seen from 
which this profuse hemorrhage apparently came. The ulcer was packed with 
iodoform gauze, and the patient returned to bed in good condition. On April 9, 
the iodoform gauze was removed from the rectum. The patient never showed 
any signs of bleeding from the rectum since and was discharged well on June 12. 

The results of the examination of the stool were negative. The patient was 
kept in the hospital until this time on account of the acute arthritis of the right 
ankle, which eventually disappeared. The results of the urinalysis were always 
negative. On May 25, the white blood count was 8,600; the red blood count, 
4,252,000; polymorphonuclear neutrophils, 68 per cent, lymphocytes, 22 per cent! 
and large mononuclears, 9 per cent 

On March 28, 1928, the patient reported by letter that she had never had any 
diarrhea or bleeding from the rectum since she left the hospital. She has enjoyed 
perfect health and has since given birth to another child. 

On April 16, 1928, at my request, the patient returned for a roentgen-ray 
examination of the colon. The following report Was made: “The roentgen 
examination of Mrs. S. B., was made on April 16, 1928. Part examined: Colon 

Table 2. — Age and Sex Incidence 


Number of Number of 


Ages PeraaJes JUales 

lfi-20 2 None 

20-30 4 . 4 

30-10 None 4 

40-50. 3 S 

BO-eO 1 7 

flO-70 1 B 

70-80 2 2 


No age Bpeclfled, 5; no age or sex specified, 2 


(enema). The observations are as follows: The examination with an opaque 
enema shows the entire colon well filled and regular in contour with normal 
haustration throughout. No abnormalities could be noted.” 

AGE AND SEX 

In this series of fifty-three cases, there were thirty-four males and 
seventeen females ; in two cases the sex was not specified. One is imme- 
diately impressed with the fact that there are twice as many males as 
females. Apparently this seems to be a disease in which the male is 
more prone to be stricken titan Ihe female. The same observation has 
been made by many investigators regarding peptic ulcer. 

The 3 'oungest female was 18 years of age, and the oldest 80; the 
youngest male was 20, and the oldest, 72 . The average age for the 
group was 41.25 per cent years; for males, it was 43.5 per cent years, 
and for females, 41.06 per cent years, making the average age of both 
sexes about the same. Among the males, there was no age spedfied m 
three cases, and among the females, no age spedfied in two cases. 
Among the males, the greatest inddence occurred between the ages o 
40 and 50; then 50 and 60, and then 60 and 70. Among the females. 
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X-Ray Examinatiou. — ^X-ray examination made three days before the patient 
was discharged from the hospital showed that the stomach was orthotonic with 
normal peristalsis ; the outlines of the greater and lesser curvatures were regular ; 
the duodenum was displaced toward the lesser curvature. Examination made three 
hours after a barium meal showed the head of the meal in the small bowel. The 
stomach was empty. Examination made six hours after the meal showed the 
head of the meal in the terminal ileum. This marked delay of barium entering 
the cecum was probably due to adhesions. Twenty-four hours after a barium meal, 
examination showed the height of the meal in the ampulla. The cecum and the 
ascending colon still contained barium. A barium enema was given. The cecum 
was irregularly filled. The condition at the ileocecal region was pathologic and was 
probably due to adhesions. 

At my request, the patient returned almost five years after the operation for 
reexamination. She said that she was feeling well since operation. She did not 
feel an}' pain. Her appetite was good' and bowel movements occurred daily without 
the aid of cathartics. The report of die x-ray examination was as follows; 
“The roentgen examination of. Miss M. G., was made on December 10, 1927. Part 
radiographed: — Colon. The findings are as follows: — ^The examination of the 
colon with opaque enema shows the entire colon well filled, regular in contour, but 
rather atonic. The cecum is well filled. No abnormalities could be noted.” 

Case 3. — History, — Mrs. S. B., aged 32, married, entered the surgical service 
of the Beth Israel Hospital on March 26, 1922, complaining of bleeding from the 
rectum. Seven weeks before entrance, she noticed the bleeding after a bowel 
movement. The stool was rather large and bright red. There was a slight pain in 
the left lower quadrant which came on just before defecation. This pain radiated 
downward to the anal orifice. Since then, there had been three attacks similar 
CO the previous one, with a considerable loss of blood each time. Diarrhea did 
not occur at any time, nor was there any mucus in the stools. , The patient was 
rather constipated. Her appetite was good and she was not troubled with nausea 
or vomiting. Dysuria or hematuria were not noted. The family history was 
unimportant. The past history showed that she had had gonorrhea four years 
ago, but had not had any operations. Her husband was living and well ; there was 
one child, also living and well. There had not been any miscarriages. 

Physical Examination . — ^The patient was a well developed and well nourished 
young woman, lying in bed complaining of general weakness and pain in left 
lower quadrant. The skin was clear and of good color. There was nothing else 
of note except for the abdominal examination which revealed a soft and tympanitic 
region, although no mass or organs were felt. There was slight tenderness and 
resistance in the left lower quadrant 

Course . — On March 28, the patient had two loose, bloody stools. Considerable 
pain was felt in the left lower quadrant On April 3, she developed an acute athri- 
tis of the right ankle. On April 6, she had a profuse hemorrhage from the rectum. 
She immediately went into collapse and became extremely pale ; the mucous mem- 
branes were blanched, and she complained of air hunger. The pulse rate was 130 
and barely perceptible. Tlie blood pressure had fallen to 60 systolic, 35 diastolic. 
A blood transfusion of 750 cc. of blood was given. Following the transfusion, 
the pulse rate came down to 120 and the blood pressure rose to 90 systolic and 
60 diastolic. Three hours after the transfusion, the pulse rate was still 120; the 
blood pressure had increased to 100 systolic and 50 diastolic. 

On April 7, the patient was still bleeding from the rectum in small amounts. 
Sigmoidoscopy re\’ealed a large, round, circumscribed ulcer about the size of a 
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Cruvielhier,® in his "Atlas of Pathologic Anatomy,” expresses the 
opinion that the extremity of the intestine may be the seat of a simple 
ulcer similar to that of the stomach and duodenum. 

It would seem that simple ulcer of the colon must be a manifestation 
of the same general disease as peptic ulcer, if there is a common etiologic 
factor in the production of these lesions on the various segments of the 
gastro-intestinal tract. This fact is particularly impressive since ulcer of 
the intestine is found not infrequently in association with ulcer of 
the stomach. 

It is not unusual to find multiple ulcers of the duodenum and stomach 
in the same patient; there are numerous cases recorded that prove this. 
Recently Pickhardt ” reported a case in which there were several ulcers 
in the stomach and duodenum, two of which, one in the stomach and one 
. in the duodenum, had perforated. The fact that one is ready to accept 
the etiology as being tlie same when the lesion occurs both in the stomach 
and duodenum, is sufficient reason to accept the same etiologic factor, 
even though the lesion is farther do^vn the intestinal tract. If one may 
correlate ulcer of the stomach witli ulcer on any other part of the 
intestinal tract as having a common etiology, it is obvious that there may 
be a healed ulcer of the stomach and an active ulcer on the colon, or, 
from the same cause, a simple ulcer of the colon may exist alone. If 
ulcer of the colon and peptic ulcer are to be considered as having common 
etiology, the various theories that have been advanced for peptic ulcer 
must be taken up. 

The theories that have been advanced regarding the initial cause of 
peptic ulcer may be classified aa:ording to whether or not the initial 
lesion is regarded as inflammatory, neurogenic, circulator)', bacterial, 
toxic, digestive or mechanical. The symptoms and the pathologic his- 
tology would seem to indicate that practically all of these theories might 
apply to ulcer of the colon. There are certain theories, howe\*er, that 
seem to explain the etiology more than the others. 

The outstanding S)'mptom seems to be constijation, of which there 
are twenty-one cases ; constipation was not present in five cases, and m 
twenty-seven cases, it was not recorded. One must take into considera- 
tion that some of the early case reports were rather incomplete, and it is 
possible that in the twenty-seven cases in which constipation was not 
mentioned that there might have been many in which constipation was 
present. \Vhat role then can constipation play in the etiology of this con- 
dition ? This would necessarily bring it under the head of the mechamca 
theory, either direct or indirect. Tliis view is held by many observer 
(Quenu and Duval,* Soupault,® Delafield and Prudden “). Under this 


10. Pickhardt, O. C: Ann. Surg. 87:143. 1928. 

11. Delafield and Prudden: Textbook of Patholog 5 % ed. JZ. 
William Wood & Companj', 1923, p. 775. 


New York. 
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the greatest number occurred between the ages of 20 and 30, then 
between 40 and 50. It would seem from this study, that the average age 
is the same for males and females and that it is not essentially a disease 
of the old. 

ETIOLOGY AND PATHOGENESIS 

Many observers are of the opinion that simple ulcers may occur in 
any part of the gastro-intestinal tract, and aside from ulcers of the 
stomach and duodenum, there are many cases reported of ulcers of the 
esophagus, the jejunum, the ileum and of the various segments of the 
colon. Bolton,® in his book on "Ulcer of the Stomach,” said: 

It is not uncommon to find ulcers in other portions of the alimentary canal in 
association with gastric ulcer. Such an association is commoner in the case of 
ulcers of obviously infective origin, but also sometimes occurs in the simple, acute 
gastric ulcer. Such acute ulcers are found in the duodenum, esophagus, lower 
end of ileum and the colon. 

In his series of twentA’-four cases of ulcer of the stomach, additional 
ulcers in the same patient were found as follows ; in the duodenum and 
stomach, fifteen cases ; in the esophagus and stomach, four cases ; in the 
ileum and stomach, three cases ; in the stomach, two cases. In the pres- 
ent series which was studied, there was found four cases of ulcer of the 
colon in association with ulcer of the stomach (cases 4, 7 , 46 and a case 
reported by Clwostek quoted by Quenu and Duval *), and two cases of 
ulcer of the colon in association with ulcer of the ileum (cases 2 and 12). 
Combes ^ has collected a series of thir^’-six cases of simple ulcer occur- 
ring on the small and large bowel, divided as follows: seven in the 
jejunum, tweh’e in the iletun, five in the cecum, six in the colon, three in 
the sigmoid and three in the rectum. Gandy ® studied a series of fifteen 
cases, divided as follows: end of the duodenum, one; jejunum, two: 
ileum, seven ; cecum, two ; hepatic flexure, one, and sigmoid, two. Vidal.® 
writing on “Ulcers of the Rectum,” states : “Simple ulcers may be found 
throughout the whole length of the large intestine and even in the small 
intestine and that he has seen a few cases of chronic ulcers of the 
rectum.” When the ulcer was single, he has only found it posteriorly. 
C'ne of his patients, a man, aged 40, had symptoms of a simple ulcer of 
the stomach, and he believed that the ulcer of the rectum was of the 
same nature. 

6. Bolton, C. : Ulcer of the Stomach. London. Edward Arnold, 1913. p. 35-33. 

7. Combes, C. : Simple Ulcer of the Intestine, Thesis. Toulouse, 1897. 

8. Gandy, C. : Hemorrhagic Xecrosis of Toxemia and Simple Ulcer, Thesis. 
Paris, 1899.* 

9. Vidal, E. : Rectum in “Dictionnaire encyclopedique des sciences medicales." 
1874-1881, vol. 2, pp. 678-690. 
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the feces may pass into the peritoneal cavity; or the perforations may be 
partly closed by adhesions, and abscesses or sinuses into the surroundiiiff 
soft parts may be formed. 

The question arises as to whether a catarrhal inflammation of the 
cecum or colon is primary^ and ulceration a secondary manifestation. A 
controversy has existed for many years in regard to chronic gastritis 
associated with gastric ulcer. It has been held by some authors that ulcer 
was secondary to a clironic gastritis. I feel that it is thd popular belief 
that a chronic gastritis is associated with, and probably secondary to, the 
ulcer. It would seem logical that the same condition exists in the cium 
or in other parts of the colon. An ulcer being present, it may folloAv 
that secondary inflammation, either of a mild or severe character, mav 
ensue. 

According to Kocher,“ the distention as a result of constipation, 
obstruction or impaction of feces produces a venous stasis at first in the 
corresponding segment of the mesenteric artery; ecchymosis follows, 
then there is a desquamation of the poorly nourished epithelium, and 
a superficial necrosis of the mucosa is produced. As a result of the 
experiments of von Greyerz and von Schimodeira,^® there is a diminution 
in the arterial blood flow soon after distention occurs. The intestine 
becomes pale, and ulcers may appear even at tins stage. After the dis» 
tention is released, the intestine becomes deep red; a sign of venous 
stasis. As experimental ulcers occur as early as four or five days foU 
lowing distention with air, they feel that through venous stasis as a 
result of distention, nutritional disturbances occur in the intestinal wall, 
producing ulcers. Kocher and Prutz^’ consider venous stasis and its 
resulting thrombus formation the essential cause for the formation of 
these ulcers. According to Rosenheim,^® the successive stages of ulcera* 
tion are produced as follows : Intestinal stasis, progressive accumulation 
and more or less hardening of the contents, then fermentation ; constant 
increase in the number and virulence of the bacteria, chronic inflamma- 
tory process, disorders of nutrition and ulcerating lesions. These are 
the theories of constipation as a mechanical factor; erosion by direct 
trauma, such as fecaloma, fruit seeds, etc., on the one hand, and the 
other, distention, due to overloading of the bowel, atony, or obstruction 
due to impacted feces. 

The mechanical theory alone hardly seems to explain the etiology 
of this lesion, with constipation so universal and widespread. It would 
seem as though ulcer would be a much more common condition. It ccr- 

15. Kocher: Deutsche Ztschr. f. Chir., 1877, %'ol. S. 

16. Von Greyerz and von Schimodeira: Beitr. z. Chir. 22:229. 1911. 

17. Kocher and Prutz: Arch. f. klin. Chir., 1900. vol. 60. 

18. Rosenheim: Ztschr. f. klin. Med. 54:473, 1904. 
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theory, there could be produced the so-called stercoral or decubitus ulcer 
(case 49). “This lype ulcer results in cases of obstipation from a crack 
or fissure in the mucosa which becomes infected and by extension 
develops into an ulceration” (Rankin^®). According to Lyon and 
Bartle,“ stercoral or decubital ulcers are mostly confined to elderly per- 
sons, ‘and frequently to bedridden patients. “Through lack of the 
proper nourishment of the body, the coils of the intestines are not 
changed in their position suffidently to aid the weakened bowel muscula- 
ture to pass on its contents completely enough and stagnation occurs. 
Hardened masses of feces form in the colon and become agglutinated to 
the mucosa and when they are eventually pushed along through purging, 
or what not, ulceration quickly follows through secondary infection, 
attacking the denuded bowel wall. Perforation may take place.” “ This 
may explain certain ulcers in the rectum or in the sigmoid where the 
fecal mass may become exceedingly hard, but this can hardly be true in 
the cecum and ascending colon where the contents are normally fluid, 
and the patients in this series were not really old, with the possible excep- 
tion of case 49. 

Erosions, fissures and cracks might be caused by foreign bodies such 
as fruit pits and seeds (case 1). In this case, there was an obstruction 
due to an ulcer and the foreign bodies may have been lodged at tlie 
constriction later, making the occlusion complete. 

• Stengel and Fox describe ulceration of the cecum in the following 
manner : “Typhilitis or cecitis may be due to irritation of the intestinal 
contents in consequence of constipation (stercoral typhilitis).” Typhilitis 
is probably generally of the simple catarrhal variety, but in obstinate 
constipation or obstruction of the colon, ulceration may occur. Perfora- 
tions or extension to the surrounding tissues is the rarest of all conse- 
quences. Usually the latter is secondary to the inflammation of the 
vermiform appendix. Catarrhal inflammation of the cecum, according 
to Delafield and Prudden,'^ is not uncommon. It is usually produced by 
an liabitual accumulation of feces in this part of the intestine. The 
course of the inflammation is usually chronic but marked by acute 
exacerbations. At first, the mucous membrane undergoes ordinary 
changes of chronic catarrhal inflammation. To this may succeed a slow 
suppurative inflammation which extends through the wall of the intestine 
and gives rise to ulcers and perforations. Through these perforations, 

12. Rankin: Surgery of Colon, New York, D. Appleton & Company, 1926, 
p. 104. 

13. Lyon and Bartle : Tice Practice of Medicine, Hagerstown, Md., W. 1'. 
Prior Company, 1924, vol. 7, p. 615. 

14. Stengel and Fox: Textbook of Pathologj’, ed. 6, Pliiladelpliia, W. B. 
Saunders Company, 1915, p. 636. 
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sclerosis, but no endarteritis. The capillaries were dilated and there was 
a difiFuse hemorrhagic infiltration. Arteriosclerosis can produce infarcts 
and thrombi, lesions effecting a small portion, of the colon or a large 
segment of the colon by cutting oflF the blood supply. Quenu and Du\'al ^ 
feel that the thrombosing endarteritis existed in the region of the ulcer 
in case 26. Lyon and Bartle “ describe a thrombotic and embolic ulcera- 
tion. They say : "Any part of the gastro-intestinal tract may be involved 
by this type of lesion, but it is seen more usually in the jejunum, ileum 
and colon.” 

Boss holds that ulcers occur, as a rule, not as a primary lesion, but 
as a secondary manifestation, due to embolism or thrombosis of the 
arteries of the mesentery. 

PATHOLOGY 

Simple ulcer of the colon may be situated on any segment of the 
large intestine as shown in table 3. 

The lesion may occur as a single ulcer or may be multiple. In thirty- 
seven cases, the ulcer occurred as a single lesion, and in sixteen cases 

Table 3. — Locations of Ulcer of the Colon 


Gecam 16 

Ascending colon 12 

Ascending colon and cecum 1 

Hepatic flexure 3 


Transverse colon. 


Splenic flexure 6 

Descending colon 2 

Sigmoid n 

Bectom 4 

0 


they were multiple. When the ulcers were multiple, they were usually 
close to each other and there were never more than six. Tlie lesion 
occurred most often on the cecum. The right half of the large bowel 
seemed to be a more frequent seat than the left, ocoirring in the right in 
thirty-one cases and on the left in twenty-two cases. Tbi.*? seems rather 
hard to explain since, as I have stated elsewhere, the contents of the 
cecum are normally fluid.^® Since there were eleven cases ivith ulcera- 
tion, either single or multiple, on the sigmoid, the question naturallj' 
arises as to whether tliese lesions were not diverticulitis or diverticulosis 
as the latter condition occurs so frequently on this portion of the colon. 
As these cases were all studied at postmortem examination or at opera- 
tion, it seems that this question could be well ruled out. In a study of 
118 patients who had diverticulitis, Judd and Pollock found that there 
was no demonstrable narrowing of the lumen of the colon below the site 
of the diverticula, and furthermore, it is rather unusual to find diver- 
ticula in a colon which is markedly obstructed. It is interesting to note 

21; Boss, W.: Perforated Ulcer of the Large Intestine, Beitr. z. Min. Chir. 
140:40, 1927. 

22. Judd and Pollock: Ann. Surg. 80:42S, 1924. 
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tainly would not be considered that constipation, directly or indirectly, 
could cause simple ulcer of the small intestine. The same holds true of 
foreign bodies such as fruit pits, seeds, etc. Frequently, one sees 
patients who have swallowed foreign bodies which either pass through 
the gastro-intestinal tract or are removed surgically ; the formation of an 
ulcer, as a result, is rare. It would seem that the foreign bodies are 
immedately enveloped by the soft fecal mass, and unless the object is 
a large one, its hard or rough edges seldom come in contact with the 
wall of the bowel. The theory advanced that venous stasis is a result of 
distention due to constipation could not explain the etiology in all cases. 
It does not seem that the etiology of simple ulcer of the colon can be any 
more explained than the etiology of peptic ulcer, and since I feel that 
simple ulcer is a manifestation of a general patliologic condition as gas- 
tric ulcer is, venous stasis as a result of a general condition such as a 
toxemia, regardless of its origin, may play an important role in the 
etiology, but not as a result of distention due to constipation. 

In an exhaustive study of ulcerations of the gastro-intestinal tract, 
Gandy ^ came to the conclusion that simple ulcer of any part of the 
digestive tract is a manifestation of a general toxemia either of infectious 
or other origin. The toxemia produces an acute hemorrhagic necrosis 
by way of the blood stream due to hemorrhagic infarct; then follows 
sloughing, hemorrhagic erosion, ulceration of the mucosa, and finally, a 
deep ulceration. Rosenow strongly advances the bacterial theory based 
on the specific affinity of certain organisms for certain parts of the diges- 
tive tract. Rosenow, according to Mayo,^® maintains that certain forms 
of bacteria injected through the blood stream cause ulcer of the bowel, 
especially of the cecum. Other forms cause ulceration in the alkaline 
small intestine or in the acid stomach. Dickinson - believes the infection 
takes place in the adenoid tissue of the cecum first and then extends to 
the mucosa giving rise to ulceration. Intestinal parasites may be an 
etiologic factor as described in case 48. Stahr studied several cases in 
which he felt that the parasites were the causative factors in the produc- 
tion of simple ulcer of both the laige and small bowel. 

Under the circulatory theory, one must consider diseases of the vessel 
walls, such as atheroma and endarteritis obliterans. The idea that ulcer 
depends on diseased conditions of tiie blood vessel is supported by the 
observations in a few cases, Gises 21, 24 and 41 showed these vascular 
lesions. Cases 21 and 24 showed arteritis in the vidnity of the ulcer and 
the vessel filled with coagulated blood. Case 41 showed a perivascular 

19. Mayo, C,-H.: Discussion of paper by G. K. Dickinson, J. A. M. A. 78: 
1792 (June 10). 

20, Stahr, H.: Intestinal Tumors in Children Caused by Trichoccphalus, 
Deutsche med. Wchnschr. 48:1274 (Sept) 1922. 
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desac The edges were infiltrated and its appearance was that of a perforated ulcer 
of the stomadi. The stomach, small and large intestines were opened. The 
mucosa of the entire digestive tract was normal. 

GtSE 45. ^Autopsy was not performed. Operation revealed fecal material in 
the abdomen and a perforation of the sigmoid. The walls of the colon were 
described as rotten, and they only tore on attempts to suture. The author was 
unable to get a clear idea of the abdominal condition, but thinks the perforation 
probably resulted from thrombosis. Evidence in favor of stercoral or foreign 
body was scanty. 

Case 49. — ^Postmortem examination showed an ulcer in the transition of the 
rectum into the sigmoid flexure of the colon. Rupture was due to a so-called 
decubitus ulcer. The perforation orifice was found to contain a hard fecal mass. 

Case SO. — ^In the lower portion of the sigmoid there was a perforating ulcer 
the size of a bean, from which feces were discharged. The tissue in the vicinity 
of the ulcer was infiltrated, but not reddened. The ulcer was closed by five 
longitudinal catgut sutures; two rows were made. Sigmoidoscopy four weeks 
after operation showed the mucosa normal for 22 cm. Analysis of the foregoing 
eleven cases would rather tend to prove that the lesions were not due to 
diverticulitis. 

Diverticulitis of the right half of the colon is rather a rare condition. 
In a study of twenty-seven cases, Giffen found diverticulitis situated 
on the various segments of the colon as follows: Hepatic flexure, one; 
transverse colon, one; sigmoid, twenty-two; rectum, two, and anal 
ring one. 

The ulcer may be the size of a pea or the size of a dollar. There 
are all variations in sizes between the two mentioned. They may be 
annular, or their long axis may be parallel with the long axis of the 
intestine. The description of the lesion in the various case reports differ. 
In some cases the ulcer is described as oval, round, irregular with sharply 
c\it edges, circular, or they may appear to be punched out. The mucosa 
around the ulcer grossly appears to be normal and when the ulcers are 
multiple the mucous membrane between them is also normal, but, occa- 
sionall}'', there may be a secondary inflammation of the mucosa. There 
may be a dironic, diffuse, hypertrophy of the intestinal wall. The ulcer 
may be hard, indurated and resemble gastric ulcer. The base has been 
described as being yellow, gray or white. The depth of the ulcer is 
variable ; sometimes it is shallow, involving the mucosa and submucosa 
alone or the muscle layer or the serosa may form the base of the ulcer. 
Often there is a marked overgrowth of connective and inflammatory 
tissue which, in the process of healing, contracts and may form an 
annular or longitudinal constriction, producing either partial or complete 
obstruction. Rarely, there is hemorrhage from the ulcer. Severe 

24. Giffen : The Diagnosis of Diverticalitis of the Large Bowel, J. A. M. A. 
59:864 (Sept. 14) 1912. 
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that in the group of cases studied for ulcer the lesion tended to cause 
obstruction by a healed or healing stenosing cicatrix, while in diver- 
ticulitis there was no obstruction. In this group of patients 
obstruction was noted in ten cases. Hanseman®® noted that false 
diverticula usually occur and are in close relationship to the blood vessels 
entering and leaving the intestine along the mesenteric border. This 
was not the case in this study; the ulcers usually occurred on the free 
border or anterior surface of the bowel, with the exception of case 17 . 
A brief resume of the gross lesion as studied by postmortem examination 
or at operation of ulcers of the sigmoid follows : 

Case 5. — Postmortem examination showed that the proximal part of the colon 
was tremendously distended, while the rectum was much smaller. On the lower 
portion of the sigmoid there was a hard, annular stricture. It was so narrow that 
a small pin could hardly pass through it. The intestine above the stricture was 
covered with feces. The stricture was formed by an ulcer, the size of a 5 franc 
piece. The base was narrow and the edges raw, thickened and hypertrophied. 
Cancer could not he detected. The patient died of intestinal obstruction. 

Case 8. — Postmortem examination showed six ulcers of the sigmoid. The 
ulcers were oval, resembling button holes and were all about the same size, and 
had the appearance as if the intestine was punched out. A certain number were 
perforated. 

Case 14. — ^Postmortem examination showed an oval perforation, 5 cm. wide 
and 1 cm. long, on the middle part of the sigmoid. The edges were sharp and 
sclerotic. The mucosa had disappeared around the perforation. 

Case 15. — Postmortem examination showed a perforating ulcer with sloping 
edges in the lowest portion of the sigmoid flexure. It opened into the abdominal 
cavity. There was a second ulcer beside it, which was ready to perforate. Its 
border was grayish. 

Case 24. — Postmortem examination showed a linear tear on the sigmoid about 
2 cm. long and surrounded by a small layer of fibrin. On opening the colon, 
ulcerations were found on the mucosa. One of these ulcers was deep, almost 
annular, and had perpendicular edges. The linear perforation already described 
was found to be at the base of this ulcer. 

Case 25. — Postmortem examination was not made in this case, as the patient 
was cured following operation, and the lesion was not visualized, although the 
diagnosis of perforating ulcer of the sigmoid was made (see case reports). 

Case 36. — ^Autopsy was not performed. Operation revealed a perforation the 
size of a 50 centime piece on the anterior surface of the sigmoid. The edges were 
slightly indurated for a short distance, and bej'ond the induration, the mucosa of 
the colon was apparently normal. The edges of the perforation were resected, 
and the loss of substance was sutured in t^vo layers. Although the peritoneum 
and the intestine did not appear to be inflamed, extensive drainage was instituted 
on account of a large amount of feces in the abdomen. The patient made a good 
recovery from this operation. 

Case 39. — Postmorton examination showed a small, round hole in the 
sigmoid from about 3 to 5 cm. in diameter, and about 12 cm. above Douglas' cul- 


23. Hanseman, D.: Arch. f. path. Anat. 144:400, 1896. 
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hemorrhage has occurred, but more often when the lesion is in the 
rectum, due to erosion of a blood vessel (cases 26, 47, 49 and my 
case 3). 

In all cases, the initial lesion is acute, and an acute ulcer results. 
This ulcer may heal rapidly, but, on the other hand, it may extend, 
while a secondary inflammatory thickening occurs, corresponding in 
degree to the chronicity of the ulcer. A, chronic ulcer, which is produced 
in this way, may likewise continue extending, so that a description of 
the ulcerative process comprises not only that of the formation of the 
initial lesion, but also that of the extension of acute and chronic ulcer. 

However, the ulcer may continue as a clironic simple latent ulcer, 
giving rise to mild abdominal symptoms or, as stated before, may heal. 
The opposite course is perforation. From a study of this series of cases, 
it would seem that simple ulcer of the colon was rather prone to per- 
forate ; however, it is impossible to make this a definite statement since, 
in the majority of the cases studied, the diagnosis was only made when 
perforation occurred and it is likely that the simple latent ulcers go 
unrecognized. In this study of fifty-three cases, forty-two ulcers per- 
forated and eleven did not perforate. The perforation is generally in 
the center of the ulcer which may be small or large. The omentum or 
a loop of adjacent bowel may tend to wall off and form a pocket, as in 
my case, one with an abscess resulting; this condition occurred in twelve 
cases; or the contents of the colon may be expelled into the general 
peritoneal cavity, giving rise to general peritonitis. The localized abscess 
resulting from a perforation often can be felt as a distinct tumor 
through the abdominal wall. The pus from this abscess may burrow and 
form sinuses into the liver, kidneys or any adjacent organ (cases 16, 
17 and 18). 

Vascular lesions about the ulcer, such as nonobliterative and oblitera- 
tive endarteritis, thrombosis ; complete obliteration by cicatricial fibrous 
tissue, penetrating into some of the capillaries have been described (cases 
21, 24 and 26). There is an absence of epithelium and mucosa, and in 
some cases, of submucosa and muscularis. The layers lying underneath 
the destroyed ones have also lost their normal structure and given place 
to a cicatricial tissue, poor in cells but rather \'ascular. Ecot and 
Richard®® found a direct infiltration of polymorphonuclear leukocytes 
and large phagocytic cells. There was also peri\'ascular sclerosis. 

Mintz®® describes the serosa as considerably thickened with newly 
formed dilated vessels and a small round cell infiltration. He could not 

25. Ecot, F. C., and Richard. A.: Perforation of a Simple Ulcer of the 
Ascending Colon: Microscopical Examination, Bull, et mem. Soc. anat. de Paris 
92:138, 1922. 

26. Mintz, W.: Simple Ulcer of the Colon. Zentrabl. f. Chir. SO: 1208. 1923. 
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the possibiKty of a perforation of the colon to be considered. The same 
perforation may be found to be the cause of localized peritonitis in other 
parts of the abdominal cavity. After a negative exploration of an 
organ, which is believed to be diseased, tlie surgeon should remember 
that a chronic ulcer or a perforation of the large intestine may exist in 
patients whose past history shows nothing with the exception of con- 
stipation, and he should make a careful examination of the w'alls of the 
colon. 

It is of particular importance to differentiate, during an operation, 
between a pseudoneoplasm due to an ulcer, carcinoma and diverticulitis, 
since in cancer, the most radical treatment possible should be carried out. 


TREATMENT 


In order to discuss the rational treatment of patients with simple 
ulcer of the colon, clironic latent ulcer and perforated ulcer must be 
considered separately. Since this lesion has never been correctly diag- 
nosed in the unperforated state prior to operation, it seems rather 
difficult to advise operation for the condition, even though a correct 
diagnosis has been rendered. In spite of the fact that only fifty-three 
cases have been reported in the literature, it seems that the lesion must be 
much more prevalent ‘and goes unrecognized. The number of perfora- 
tions that have been reported is relatively small in number, which makes 
me believe that the ulcer or ulceration must heal itself spontaneously 
rather often. A certain number of ulcers do perforate, and therefore 
operation, before this accident occurs, is rather a simple procedure and 
may be a life saving measure if the ulcer be a perforating one. Apiwr- 
ently, simple suture of the serosa over the base of a shallow ulcer is 
sufficient treatment, as proved in case 40 and in my case 2. Wien the 
ulcer has caused definite constriction, due to a healed contracting scar. 


a simple plastic operation may be sufficient rather than extensive resec- 
tion. If, however, the ulcer, as a result of inflammation, has produced 
a pseudoneoplasm protruding -within the lumen of the bowel causing 
definite obstruction, the usual resection of that portion of the bowel must 
be performed. The surreal treatment for persons with simple ulcer in 
the unperforated state may be divided as follows: (1) for simple 
shallow ulcer without constriction or obstruction, simply bringing the 
serosa over the base of the ulcer as rrinforcement is sufficient; (2) for 
the constricting band due to a perfectly healed ulcer, a plastic operation 
is sufficient; (3) for an obstnicting type of ulcer with secondary inflam- 


mation, the treatment must be resection. 

The treatment in cases of perforated ulcer must be immediate opera- 
tion. If the perforation is immediately visualized and opens directly into 
the peritoneal ca-vity, the ideal method would be to suture the perforation 
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shock is present, tlien to be followed by tlie usual signs and symptoms of 
general peritonitis as arises following perforation of any hollow \-iscus. 
2. Ulcer of the colon sometimes forms an intra-abdominal tumor, oudng 
to a small perforation which causes an extensive infiltration of the 
abdominal wall. There is a surrounding peritoneal reaction ; adhesions 
of the small intestine or omentum form a true tumor which can be often 
felt. This fype usually gives rise to localized pain and rise in tempera- 
ture; if it is on the right side, like appendical abscess. Tliere were 
twelve cases, about 22.5 per cent, in which a definite, palpable tumor 
could be felt (cases 19, 21, 24, 25, 27, 28, 29, 31, 39, 40, 48 and 51. and in 
cases 40 and 48, the ulcer liad caused an intussusception. Occasionally, 
these symptoms subside due to a local, natural, defense reaction. The 
virulence of the invading organisms is lowered. The perforation ij? 
closed over by a layer of fibrin, then layer on layer of inflammatory 
tissue is deposited about the localized perforation. The temperature may 
become normal and even the pain may disappear, and the patient believes 
himself to be well. The inflammatory tumor persists however, and can 
be easily palpated. Essentially, the symptoms of perforated ulcer 
simulate those of peritonitis, either local or general. 

DIAGNOSIS 

The diagnosis of ulcer of the colon is difficult to establish before 
perforation has taken place. Simple ulcer of the colon has no pathogno- 
monic signs by which the diagnosis can be made.- In not one of the 
cases in the series studied was the diagnosis made before perforation or 
operation took place, with the exception of the case in which the ulcer 
was located in the rectum. Constant, fixed pain, associated \vith consti- 
pation, should make one suspect ulcer as well as cancer in the differential 
diagnosis. At best, this lesion can only be suspected, and, wth the aid 
of the x-ray, the diagnosis may be made. The sigmoidoscope and proc- 
toscope will be of considerable assistance when the ulcer is in the rectum, 
or low down in the sigmoid. X-ray examination will help to rule out a 
diagnosis of colitis and cancer. 

When the ulcer has perforated and signs of peritonitis, either local 
or general, have made themseh'es evident, the diagnosis is usually made 
at operation. If an abdominal tumor can be felt, together with acute 
'inflammatory signs, perforation of an ulcer should immediately be con- 
sidered. The first impression is a perforated appendix, acute chole- 
cystitis, volvulus, strangulation or intussusception, but whatever diag- 
nosis is made, on account of the gravity of the symptoms, operation is 
usually performed at once. It is then that a knowledge of ulcers of the 
colon appears to be particularly valuable. In fact, in a peritonitis in\«»h- 
ing the right iliac fossa, the finding of a normal appendix should cause 
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There were approximately twice as many cases of ulcer of the colon 
in males as in females. This is not a disease of old age; the ax-eragc 
proving that it occurs before middle life. 

Perforations occurred in forty-two of the fifty-three cases reported. 

REPORTS OF CASES FROM THE LITERATURE 

Case 1 (Marchesseaux,*^ 1837).— Perforation of Ulcer of the Rectum. 

A woman, aged 45, an alcoholic with marked constipation, died of acute peri- 
tonitis. At autopsy, a stricture was found in the upper part of the rectum. Above 
the stricture, many grape seeds and fruit pits were found. The stricture barely 
permitted the paissing of one’s little finger. There was a large circular ulcer on 
its surface about 1 inch (2.5 cm.) wide; the edges were formed by slightly swollen, 
pale mucosa. The base was pale and was formed by the submucous connective 
tissue. In the center, a small perforation was noted. The intestinal coats were 
only slightly thickened. There was no evidence of ulcer in any other point of the 
gastro-intestinal tract. All the other viscera were normal. 

Case 2 (Rogee,** 1838). — Chronic Ulcers of the Intestine Without Tubercular 
Perforation. 

A woman, aged 61, with a delicate constitution, for three years had been having 
frequent attacks of colic accompanied by nausea and vomiting. Diarrhea had 
not occurred. The condition gradually disappeared. She had no primary acute 
infection. She suddenly had violent pains in the abdomen and died with signs of 
peritonitis. At autopsy, the lungs showed evidence of old healed tuberculous 
process in both apexes. The viscera were normal. The peritoneum showed signs 
of acute peritonitis. There were six narrow ulcers in the last fifth of the small 
intestine opposite the attachment of the mesentery. The ulcers were elongated 
and their great diameter was perpendicular to the axis of the intestine. The base 
of some of the ulcers was formed by the peritoneum only; in others the base 
was formed by the muscle layer, and in some the submucous connective ' tissue 
formed the base. Granulations were not seen on the surface of the ulcers. Only 
one ulcer in the colon, situated high up in the rectum, perforated. It presented 
the same characteristics as the ulcers of the small intestine, but it was round and 
about the size of a 2 franc piece. The mucosa of the gastro-intestinal tract was 
normal with the exception of the ulcers. The mesenteric glands were normal 
and there was no evidence of tuberculosis present. 

Case 3 (Greenhow,® 1848). — Perforating Ulcer of the Splenic Flc.rurc. 

A man, aged 72, had an attack of renal colic six months before consulting a 
physician. Examination showed a calculus in the bladder. Lithotomy was per- 
formed on November 7. On November 9, slight abdominal pain, rapid pulse and 
marked constipation developed. Mild mercuric chloride was given on November 
10; the patioit grew weaker and had diarrhea, death occurred that morning. At 
autopsy, the peritoneum shoiyed signs of peritonitis. The coats of the bladder 
were markedly thickened. The prostate was indurated and large. A small calculus 

27. Marchesseaux: Stricture of the Upper Part of the Rectum with Old 
Ulceration, Bull. Soc. anat. de Paris 12:343 (Dec.) 1837. 

28. Rogee: Chronic Ulcers of the Intestine Without Tuberculosis; 
tion; Acute Peritonitis; Death, Bull. Soc. anat. de Paris 13:181 (Aug.) 

29. Greaihow: Perforating Ulcer of the Splenic Flexure, Path. Soc. Xeu- 
castlc and Calestead, December, 1848. 
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without the excision of the edges, cleansing the abdominal ca\-ity of 
fecal and purulent material and establishing adequate drainage. Cer- 
tainly, resection would be contraindicated in the presence of a more or 
less generalized peritonitis. If the perforation has been walled off and a 
localized abscess has developed, incision, evacuation of the abscess, 
suture of the perforation whenever possible, without too much manipula- 
tion, and adequate drainage would be sufficient, rather than performing 
a more complete and dangerous operation. 

When the ulcer is sufficiently low in the rectum, cauterization and 
tamponade is probably enough, as in case 26. In my case 3, tamponade 
was enough to check the hemorrhage, and the ulcer apparently healed 
itself. 

SUMMARY 

Fifty-three cases of simple, nonspecific ulcer of the colon are 
reported. Fifty cases were collected from the literature and three were 
personal cases. There were thirty-four autopsies, one incomplete 
autopsy and two deaths without autopsies in this series. Fifteen patients 
were cured as a result of operation ; two of these patients had intestinal 
resections performed and the resected colon was studied grossly and 
microscopically. The others were studied only by visualization at time 
of operation. In one case, it was not stated as to whether the patient 
survived or not. 

Simple ulcer, analogous to gastric or duodenal ulcer, may occur on 
any part of the alimentary canal from the esophagus to the rectum. 
Ulcer of the colon is a distinct and definite pathologic lesion which 
probably occurs more frequently than is suspected ; the diagnosis usually 
being made only when the ulcer has perforated, or during an exploratory 
laparotomy or at the time of a postmortem examination. 

Simple ulcer of the colon is usually the cause of the so-called inflam- 
matory tumor or pseudoneoplasm and as a result of which, intestinal 
obstruction is produced either by the inflammatory tumor or constriction, 
usually due to a healing ulcer or the cicatrix of a healed ulcer. 

The etiologic factor is probably not constipation and therefore ster- 
coral or decubital ulcers are not common. Simple ulcer of the colon is 
not infrequently associated with gastric or duodenal ulcer. The fact that 
ulcer occurring on the stomach and on the first portion of the small 
intestine, namely, the duodenum, is accepted as ha\’ing the same etiolog}', 
it is logical to believe that ulcer of the stomach occurring with an ulcer 
on another segment of the gastro-intestinal tract, namely, the colon, have 
the same etiologj'. Therefore, it seems that ulcer of the colon is prob- 
ably a secondary and local manifestation of a general pathologic con- 
dition as gastric ulcer, and that the same etiologic factor may be the 
cause of simple ulcer on any segment of the alimentary canal. 
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a perforation of an ulcer of the sigmoid colon was found. This ulcer com- 
municated with a closed pocket of cellular tissue as a result of the inflammation 
so that the fecal contents had not escaped into the free abdominal cavity and this 
explains the length of his ill ness. 

Case 7 (Claus,** 1856).— Perforatinff Ulcer of the Descending Colon. 

A man, aged 47, had had typhoid twenty-five years previously and pneu- 
monia fifteen years previously. On May 8, 18SS, he had pneumonia again. On 
the seventeenth day of his illness, dyspnea increased and he had violent pains in 
his abdomen. He had diarrhea, followed by constipation which could not be 
relieved. He died two days after entering the hospital with evidence of peritonitis. 
At autopsy, on the lesser curvature of the stomach, an ulcer the size of a S centime 
piece was found and there were several other small ulcerations on the greater 
curvature. The small intestine was slightly hyperemic and contained four or five 
round worms. There was a rounded perforation the size of a 5 centime piece on 
the posterior wall of the descending colon and the edges were perpendicular. 
Nothing else was found in the gastro-intestinal tract. The lungs showed evidence 
of pneumonia. 

Case 8 (Dickinson,** 1867). — ^The patient was a woman, aged 42, who died in 
St. George’s Hospital on Aug. 26, 1.863. She said that she had had constipation 
and a bilious fever several months before admission. About a month before her 
death, she had pains in the left iliac fossa and died with S3rmptoms of a circum- 
scribed peritonitis. At autopsy, a cavity the size of a cocoanut was found in the 
left iliac fossa. This cavity was partly empty. The anterior wall of the cavity was 
formed by the abdominal wall and the posterior wall was formed by intestinal 
loops which were adherent to each other by means of solid lymphoid tissue. The 
cavity contained pus and feces, and communicated with the sigmoid by means of 
a certain number of perforating ulcers. , About half a dozen ulcers were seen on 
opening the colon. The ulcers were oval, resembling button holes and were all 
about the same size. They were close together, parallel to each other and 
perpendicular to the long axis of the intestine. They did not present any thick- 
ening, and they had the appearance as if the intestine was punched out. The 
muscular layer was destroyed. There was no evidence of tuberculosis. 

Case 9 (Idem). — Perforating Ulcers of the Descending Colon. 

The patient was a man, aged 42, who died at St. George’s Hospital on Feb. 10, 
1865. He had attacks of pain in the left hypochondrium for several years. These 
attacks have become worse recently. Fain was associated with constipation and 
he would be relieved by -cathartics. The patient became edematous; his urine 
contained albumin and he had diarrhea which could not be controlled. This 
appeared to be the cause of his death. At autopsy, a large cawty filled with black 
feces was found. The cavity was made up of the diaphragm, spleen and descen mg 
colon. There were two small narrow ulcers in the upper part of the descending 
colon which opened into this cavity. There was ho thickening of the 
coats. There was no other lesion present with the exception of the ulcers. ” 
ulcers were in the form of button holes, close together, and parallel an w*" 
long diameter was perpendicular to the long axis of the intestine. No cvi ence 
of tuberculosis ivas found. 

Spontaneous Perforation of the Colon, Inaug. Diss., Zurich. 
Perforating Ulcer of the Transverse Colon, Tr. Path. Soc. 

Lond. 18:101, 1867. 
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was found in the bladder. There was a large amount of feces in the left hypo- 
chondrium. There was a small perforation at the splenic flexure from which the 
intestinal contents escaped. The colon presented ulcers at a few other points. 
These other ulcers had almost penetrated through the entire thickness of the 
intestinal coats. Immediate cause of death was peritonitis due to perforation. 

Case 4 (Lebert,** 1861). — Perforating Ulcer of the Colon. 

A man, aged 47, who had always been in good health, had sharp pains in the 
abdomen fifteen days before admission to the hospital. Pain was localized along 
the course of the colon. He became markedly distended, and later constipated. 
There was nausea and vomiting. On admission to the hospital, he had signs of 
peritonitis and died two days afterward. At autopsy, there was general peri- 
tonitis. The abdomen was filled with gas and there was a large amount of feces 
in the right iliac fossa. The lesser curvature of the stomach presented an ulcer 
about the size of a 5 centime piece, about 10 cm. from the cardia. The small 
intestine was normal. There was a rounded perforation a little larger than a 5 
centime piece at the splenic flexure surrounded by an area of injection and false 
membranes. The ulcer when seen from the mucous surface showed the edges 
to be almost perpendicular. 

Case S (Idem). — Ulcer of the Sigmoid; Intestinal Obstruction; Death. 

A man, aged 47, had always been in good general health, although he always 
complained of marked constipation and hemorrhoids. He continued to work until 
ten days before his death. At this time he began to vomit and became markedly 
constipated. In spite of all that could be done, the constipation persisted and his 
abdomen became more distended, but without pain. He was much nauseated and 
vomited continually until his death. 

At autopsy, the abdomen was found to be markedly distended. There were 
only a few adhesions. The only changes were found at the lowest portion of the 
sigmoid. Above this point, the colon was 'tremendously distended while the rectum 
was much smaller. At this point, there was a hard annular constriction. The 
stricture was so narrow that a small pin could hardly be passed through. The 
intestine above the stricture was filled witli feces. TIic stricture was formed by 
an ulcer the size of a 5 franc piece. The base was yellowish and the edges broad, 
thickened and hypertrophied. After careful examination with a microscope, 
cancer could not be detected. There was a single simple ulcer which had caused 
the obstruction of the intestine, by increasing hypertrophy of the intestinal walls. 

Case 6 (Dujardine," 1864). — Perforating Ulcer of the Splenic Flexure. 

A physician, who became suddenly ill with pain on April 12, dc.<icribcd the pain 
like that of a sharp blow which caused him to sit down and rest. Shortly after, 
he was able to walk home complaining of a pain in the left hypochondrium. His 
physician made a diagnosis of colitis and applied leeches which seemed to give 
him relief. At the end of twenty days, he was advised to go to the country for 
a rest. He did not improve and complained of indigestion and pain. On returning, 
he consulted Prof. Orsey on June 5, who made a diagnosis of tumor of the spleen 
or adjacent organs and advised waiting until the next day because he wished to 
see the color of the patient’s skin before he made his final diagnosis. He had 
several attacks of pain with diarrhea and fever and died on June 24. .At autopsy. 

30. Lcbert: Perforating Ulcer of the Colon. Traitc d'anatomic et pathologie. 
generale et speciale, 1861, vol. 2, p. 206. 

31. Dujardine: Perforating Ulcer of the Splenic Flexure, Soc. d sc. med. ct 
iiaturclles de Bruxelles, Septemlier 5, 1864. 
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any tuberculous lesions. The mucosa stopped abruptly where the ulcers com- 
menced. The objective appearance was that of a simple ulcer. The stricture at 
the splenic flexure was due to the cicatrix of a healed ulcer. 

Case 13 (Chouppe," 1870 ). — Simple Ulcer and Stricture of the Large Intestine. 

A man, aged 32, had colic almost continuously for two months. He vomited after 
every m«l, and colic returned after vomiting. The vomitus and feces were black. 
The patient was very constipated and would go for seven or eight days without 
a bowel movement; this condition would be followed by diarrhea. His appetite 
was good. At autopsy, there was no evidence of tuberculosis. There were signs 
of peritonitis in the abdominal cavity. The cecum and ascending colon we 
enormously distended. A stricture was situated at the hepatic flexure. Palpation 
at this area did not show any indurated tissue. After having incised the large 
intestine above and through the stricture, a large ulcerated area with irregular 
borders was found in center of stricture. No evidence of malignancy or any other 
lesion was found in the gastro-intestinal tract. 

Case 14 (Demange,** 1879 ). — Old Perforation of the Sigmoid Flexure, 
Obstructed by Epiploic Adhesions; Rupture of These Adhesions; Acute 
Peritonitis. 

A man, aged 72, had sharp abdominal pains one evening, and was found dead 
the next morning. At autopsy, generalized acute peritonitis was found. There 
was an oval perforation 5 mm. wide and 1 cm. long on the middle part of the 
sigmoid flexure. The edges were sharp and sclerosed. The mucosa had disai>- 
peared around the perforation. The base of the ulcer was occupied by epiploic 
masses which were adherent to the edges and which undoubtedly formed a stopper 
up to the time of rupture. 

Case IS (Mickle,®* 1883 ). — Double Perforating Ulcer of the Sigmoid Loop of 
the Colon. 

A man, aged 45, had an extremely severe pain in the right iliac region near the 
median line after having taken a purgative. There were signs of peritonitis due 
to perforation. He died twenty-four and a half hours after this sudden onset. 
Autopsy revealed generalized peritonitis. There was a perforating ulcer with 
sloping edges in the lower portion of the sigmoid loop. It opened into the 
abdominal cavity. There was a second ulcer beside it which was ready to per- 
forate. Its borders were grayish. There was stenosis of the mitral valve and 
biliary calculi, but no calculi were found in the intestine or peritoneum. 

Case 16 (Bradbury," 1884).— Ulcer of the Cecum, Complicated with Abscesses 
of the Liver. 

A man, aged 30, was admitted to the hospital on May 28, 1884, with a «»ndition, 
tile first symptoms of which appeared on April 25 and consisted of abdominal pain 
on the left side, chills, vomiting, diarrhea, fever and loss of weight. On admis- 
sion, there was dulness over the base of the left lung. The abdomen was soft but 
painful in the left iliac fossa. Cough was noted. Examination did not show the 
presence of a rash. There was an alternation of the chills and fever. T e. 

37. Chouppe: Simple Ulcer and Stricture of the Large Intestine, Bull. Soc. 

anat. de Paris 45:322 (May) 1870. _ . . u . 

38. Demange, E.: Old Perforation of the Sigmoid; Acute Peritonitis, kcv. 

med. de Test, August, 1897, p. 500. , r ^ isfit 

39. Mickle: Double Perforating Ulcer of the Sigmoid, Brit. M. J. • 

40. Bradbury: Ulcer of the Cecum, Complicated with Abscess of the Liver, 
Lancet 2:637, 1884. 



BARRON— ULCER OF COLON 




Case 10 (B^bin“ 1869). — Ulcer of the Descending Colon, 

A man, aged 66, entered the hospital on May 19, 1868. He had had gout since 
he was 19 years of age. On the morning of May 20, he had a se\’ere attack of 
gout and there followed severe constipation for five days with slight abdominal 
distention. He was given a purgative, which caused one bowel movement. On 
May 26, the patient demanded his discharge from the hospital. This was refused 
on account of the increase in the abdominal distention. The constipation and 
distention increased. His condition became serious on May 29. There had not 
been any stools for several days. He now had a weak pulse, coldness of the 
extremities and vomiting. Galvanism was applied to the abdomen without results. 
It was impossible to pass an esophageal sound to the upper limit of the rectum. 
The patient’s condition became much worse and death followed. At autops}-. the 
intestine protruded on opening the abdomen. The colon was distended with gas 
and liquid feces ; its walls tore at the slightest traction. There was no evidence of 
peritonitis or strangulation. There was an ulcer the size of a 5 franc piece in the 
middle portion of the descending colon. The ulcer was of recent date. Xothing 
was found which could explain the arrest of the sound in the rectum. Crystals 
of sodium urate were found in the articulations of the toes. 

Case 11 (Costin,” 1870). — Perforating Ulcer of the Ascending Colon. 

A man, aged 45, had had abdominal pain, constipation and slight fever. Palpa- 
tion showed that the colon was filled with hard feces. Various purgatives such as 
castor oil, mild mercuric chloride, senna and croton oil were administered without 
any notable result. The patient died twelve days after he was first seen. .\t autopsy, 
the small intestines were found to be distended. There was evidence of peri- 
tonitis. There was a certain amount of exudate in the peritoneal cavity and it 
had a fetid odor. The right side of the omentum was gangrenous and presented 
small disseminated abscesses. There was an old ulcer with sharp borders on the 
posterior surface of the middle third of the ascending colon. It had perforated 
through the entire thickness of the intestinal wall. The other viscera were normal. 

Case 12 (Lepine," 1870). — Annular Ulcer of the Intestine; Perforation of the 
Small Intestine; Stricture of the Large Intestine, Autopsy. 

A woman, aged 70, died in the service of Dr. Charcot shortly after admission 
to the hospital. There was no clinical information. The abdomen was large, and 
the peritoneuip was markedly injected. Several loops of intestine were covered 
with false membranes. The small intestine and the ascending and trans\'crsc colon 
were dilated, but the descending colon was of normal size. There was a stricture 
at the splenic flexure. The little finger could not be passed through this stricture. 
The intestinal walls were greatly thideened through the whole extent of the 
stricture. There was a round ulceration of small size a few millimeters above 
the stricture. The mucosa of the large intestine was normal throughout with 
the exception of the small ulcer. In the terminal ileum, there were six round 
ulcers penetrating to the muscle layer. The ulcer which was most distant from 
the ileocecal valve was 2 or 3 cm. in diameter, and the borders were thin. Careful 
examination showed that this perforation had not been artificially produced during 
autopsy and that it produced the terminal peritonitis. There was no evidence of 

34. Robin : Ulcer of the Descending Colon. These Denaire. Paris, 185‘A 

35. Costin, J. G.: Perforating Ulcer of the Ascending Colon. Brit. M. J. 2: 
247, 1870. 

36. Lepine: Perforation of the Small Intestine; Stricture of the Larce Inte.— 
tine, Bull. Soc. anat. de Paris 4S;27 (Jan.) 1870. 
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There a rontinuous discharge of pus from the thoracic wound. The functions 
^Sestive tube were perfectly regular. The cachexia increased toward the 
end of May, and the patient died on June 2, 1886. ° ™ 

Autopsy showed that the head was normal, and the pericardium was distended 
with about 1 pint (473.2 cc.) of clear and limpid fluid. Pericarditis was not noted 
The pleura were adherent and contained a cloudy liquid rich in fibrin. Examina-^ 
tion of the lungs showed generalized bronchopneumonia with suppuration and 
formation of small disseminated abscesses. The left lung was in a worse condi- 
tion than the right. Peritonitis was not found in the abdomen. The ascending 
colon was firmly united, to the liver at the hepatic flexure. It formed one of the 
walls of the cavity filled with pus. This suppuration extended into the right lobe 
of the liver, which was softened and friable. It communicated with an opening in 
the right flank by means of a narrow fistula situated in the posterior axillarj' line 
between the ninth and tenth ribs. There was only a small amount of pus. The 
tenth rib was necrotic at the level of the sinus. On opening the ascending colon, a 
small ulcer the size of a pea was found. It was evidently of old formation and had 
perforated the wall of the intestine and opened into the area of suppuration. The 
ulcer was circular and had rounded edges. It did not present any trace of active 
evolution. There was nothing to indicate the origin of this ulcer. The rest of the 
digestive tract was normal. The spleen showed amyloid degeneration. The 
kidneys were fatty and slightly amyloid. The pelvic organs were normal. 

Case 19 (Idem ). — Ulcer of the Colon and Cectm. 

A woman, aged 49, 'fell from a wagon on Aug. 14, 1887. She entered the 
hospital on August 16 for contusions of the face and the right thigh and 
abdominal pains. There was no history of previous abdominal disorders. Her 
general condition was grave. She was constipated for six days following the 
accident and had continual, greenish and aqueous vomiting. She had a profuse 
evacuation on August 20, undoubtedly due to a purgative; her stools were fetid 
and liquid; the vomiting ceased; she had fever; the diarrhea persisted. Examina- 
tion of the urine did not show any albumin. On August 28, a diffused swelling 


was found at the hepatic flexure. The patient was weak and her temperature was 
normal. A tumor gradually developed and became of considerable size. It was 
situated at the hepatic flexure of the colon. There was a gradual weakness; the 
stools were irregular and were dark, fetid and liquid. On September 20, she had 
cough, pneumonic expectoration and fine crepitant rales at both bases. The diar- 
rhea and cachexia continued, and the patient died on October 20. At autopsy, the 
heart and pericardium were found to be normal. The pleurae were also normal. 
The right lung showed hepatization of the base and disseminated suppuration. 
The left .lung showed generalized bronchopneumonia and the bronchi were filled 
with pus. Chronic generalized peritonitis was found in the abdomen; the 
intestinal loops were adherent to each other. There was a collection of fc^ 
matter and pus around the cecum and ascending colon. This collection extended 
upward as far as the diaphragm, passing in front of the liver. The pus and feces 
were contained in adhesions. There was a drcnlar ulcer at the base of the cecum 
opposite its peritoneal insertion. This ulcer had rounded edges and had perforated 
through the intestine. It did not present any sign of recent evolution. It w*® 
the size of a 3 pence piece. A second similar ulcer, twice the size of that of me 
cecum, was found on the anterior wall of the ascending colon about 3 inches 
(7.6 cm.) from the cecum. There were no signs of typhoid, 
tuberculosis. The intestines were soft and were in putrefaction. The ”Sht . mnej 
showed congenital atrophy; it was the size of the kidney of an infant. 
left kidney was twice the normal size. The other abdominal viscera were no 
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abdomen became distended and x>ainful on June 25, and the area of dulness around 
the liver increased. Acute pain developed in the right flank on July 9, and there 
was a large pleural effusion of the right side. The patient died on July 16. 
Autopsy revealed the right pleura filled with yellowish pus which had a nauseat- 
ing odor. There was a fistula communicating between the pleura and an abscess 
of the liver. The liver contained many abscesses of various sizes, the largest of 
which was about the size of a lemon. This was the abscess which had ruptured 
through the diaphragm. There was an ulcer the size of a pea in the intestine 
near the attachment of the appendix to the cecum. It was surrounded by con- 
gested mucosa, but there was no perforation of the wall. There was no evident 
cause of the ulcer; the appendix was normal. The cecum was fixed in the right 
iliac fossa by old adhesions. The hemorrhoidal veins and the inferior mesenteric 
veins were filled with clots and pus. There were no lesions in the rectum or small 
intestine. 

Case 17 (Oliver," 1895). — Acute Perforating Ulcer of the Ascending Cdlon. 

At autopsy, there were two longitudinal ulcers in the colon indies (6.27 cm.) 
above the ileocecal valve. The larger ulcer was about 1 inch (2.5 cm.) in 
diameter, while the other scarcely admitted the tip of a goose feather. The sur- 
rounding tissues appeared to be normal as well as the tissue between the two 
ulcers. The two perforations were of rounded form and their edges were per- 
fectly regular. The different tunics of the intestine had undergone necrosis to 
an equal degree; however, the muscle layer was retracted so that there resulted a 
prolapse of the mucosa which appeared to be redundant. ' 

The larger opening, seen from the outside, presented the appearance of an 
artificia anus while the smaller opening could scarcely be discovered because of 
the retraction and the elasticity of the intestinal tissue. 

The ulcers were situated exactly in the middle of the posterior surface of the 
ascending colon. The posterior surface, which was not covered by peritoneum, 
was lined by the connective tissue of the fascia which filled the lumbar space and 
the anterior surface of the right kidney. The necrosis had gradually extended 
through the intestinal wall, forming a tunnel through which fecal material escaped 
into the areolar tissue separating the colon and the right kidney from the sub- 
adjacent tissues. The peritoneum showed only slight signs of inflammation ; only 
the lower edge of the liver presented traces of fibrinous exudate over a limited 
area. 

Case 18 (Parker," 1887). — Ulcer of the Ascending Colon. 

A girl, aged 18, entered the hospital on Sept. 16, 1885 for periti'philitis ; she had 
been treated with rest and poultices. She improved and left the hospital in six 
weeks. On Dec. 24, 1885, she noticed a swelling in the right thorax redness, 
tension and dyspnea. The tumor increased in size; she coughed and expectorated. 
She returned to the hospital. The abscess was punctured on Jaiiuarj* 12. hut only 
a half ounce (14.7868 cc.) of pus iras obtained. .\n incision was made on 
January 13. The cavity was irrigated, but there was little pus. The patient’s 
general condition improved at first and then became worse ; cough, profuse expec- 
toration, night sweats and hectic fever developed. .■\t about the middle of 
February it was believed that there were signs of subacute pulmonary tuhcrculo>is 

41. Oliver, J.: Acute Perforating Ulcer of the Ascending Colon. Lancet 1: 
424, 1885. 

42, Parker, A.: Ulcer of the .Ascending Colon, St. Barth. Hosp. Rep. 23:21.?. 
1887. 
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the cecum. The postoperative course was uneventful. The patient became cured 
and left the hospital on the fortieth day. He was in perfect health two and one- 
half months later' and had gained 12 Kg. in weight. 

Examination of the cecum showed that the tissue removed at operation con- 
sisted of the cecum, appendix, ascending colon, a part of the transverse colon 
and 2 cm. of the small intestine. The total length was 35 cm. The intestine was 
opened following along the external border. This incision divided a loss of sub- 
stance into t\vo almost equal parts at the level of the cecum. It was an oval ulcer 
with sharp outlines and the edges were about 2 mm. high. The base was indurated, 
pale gray and of uniform coloration. This ulcer was almost opposite the valve 
of Bauhin; its small vertical axis measured about 3.5 cm.; its great axis was in a 
transverse direction and measured 7 cm.; and the two extremities of this trans- 
verse great axis were each 1.5 cm. from the commissures of the ileocecal valve. 
The mucosa of the cecum was not absolutely normal ; it appeared to be slightly 
infiltrated, and in addition, it presented white streaks which radiated from 
the edges of the ulcer. These streaks were almost fibrous and they flattened the 
folds of the mucosa, which was pink and shming. The mucous membrane of the 
intestine was normal in all of the other portions. The- ulceration was in the middle 
of a large indurated plaque of almost cartilaginous hardness. This induration 
was situated on the antero-extemal and posterior walls of the cecum for a 
distance of about 7 cm. Its edges decreased in hardness and gradually disap- 
peared. At the level of the induration, the intestine was considerably thickened 
and measured more than 1 cm. The intestine seemed to be of normal thickness 
in all other parts. 

Microscopic examination at low magnification showed that the ulcer had 
destroyed the oitire thickness of the glandular layer, the musculature of the 
mucosa and the most superficial part of the mucous membrane. The glands were 
increased in length about 5 cm. The connective tissue was much more dense than 
that of normal intestine; it formed tight, thick bundles which stained intensely 
with acid fuschsin. The muscular layers were hypertrophied; the internal layer 
measured 3 mm. and the external layer 2 mm. The serosa was also slightly 
thickened. Under higher magnification, it was found that in the vicinity of tlie 
ulcer the glandular layer was infiltrated in its entire thickness by a large number 
of embryonal cells. At certain points, these cells formed masses resting on the 
musculature of the mucosa. The epithelial lining cells of the intestine and those 
of the tubular glands appeared to be normal. The base of the ulcer was formed 
by the serosa; it was made up of connective tissue bundles irregpilarly sectioned 
by the ulcerative process. In the superficial parts especially, it was infiltrated by 
a large number of embrj'onal cells and at certain points there were small inter- 
stitial hemorrhages. Vascular lesions could be seen below the ulceration; certain 
arterioles showed obliterating endarteritis; others were thrombosed and filled 
with coagulated blood; finally there were larger vessels which presented slight 
traces of endarteritis. In many places the connective tissue around these vessc s 
was thicker and tighter than elsewhere. The vascular lesions were far rom 
being generalized; most of the arterioles subadjacent to the ulcer appeared to e 
completely normal. Sections of the colon above the ulcer show’cd that the coa s 
of the intestine were normal and there were no vascular changes. 

Case 22 (Southam," Perforating Ulcer of the Cecum. 

A man, aged 67, who had suffered from symptoms of incomplete ° 

the intestine for several months, died suddenly a short time after admission o 


45. Soutliam: Perforating Ulcer of the Cecum, Brit. M. J. 1:254, 1895. 
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Case 20 (Ollier,'** 1892). — Slough of the Cecum; Perforation. 

A man, aged 56, suddenly had a 'violent abdominal pain. There were signs of 
peritonitis and he died on the seventh day. Autopsy showed 'generalized peri- 
tonitis. There were two perforations of from 1 to 3 mm. in diameter, on the 
anterior surface of the cecum 2 or 3 cm. from the ileocecal valve. They were on 
the internal surface of the intestine in the center of a gangrenous area which 
was the color of dead leaves and was 5 or 6 cm. long and 1 to 1.5 cm. wide and 
surrounded by an area of inflammation. The rest of the intestine was normal and 
the appendix was intact. 

Case 21 (Morel and Secheyron,'** 1895). Ulcer of the Cecum: Inflammatory 
Psettdoneoplasm ; Iliocecal Resection; Cure. 

A man, aged 46, entered the hospital on Sept. 17, 1895, for digestive disorders 
and progressive general weakness. He was tall and thin. On admission to the 
hospital, his face had an earthy tint, and his features showed a condition of general 
weakness. The disease began on July 14, 1895. Suddenly and without any cause, 
while working, he had had a severe pain in the right iliac fossa. N'cverthclc-cs. 
that day and the following days he had been able to continue working, but he had 
had almost continual pain. This pain presented exacerbations at fixed periods, 
coming on two hours after each meal. In the interval, there was rather a sensation 
of weight or heaviness at the level of the cecum, than a true pain. The digestive 
functions continued to be regular; there was no constipation or diarrhea. Stools 
were passed every day without increasing the pains and without discharge of 
blood and melena. His appetite remained excellent, but in spite of these conditions, 
he lost weight and strength. 

From the beginning of the disease, the patient had noticed a swelling in tlic 
right iliac fossa. This swelling was situated between the anterior superior spine 
of the ileum and the umbilicus. Palpation was not painful, and showed an 
ill defined, elongated, lobulated tumor which >vas mobile in all directions. Tlie 
dulness was not absolute on percussion. There were no adhesions to the skin. 
The glands in the groin were normal. In the presence of this tumor, and especially 
on account of the patient’s straw-yellow color and earthy tint, a diagnosis was 
made of cancer of the cecum. The tumor seemed to be well limited, nonadherciit. 
and surgical operation seemed to be justified. The patient was placed on a milk 
diet for eight days and he was ^ven benzonaphthol to produce intestinal asepsis 
as much as possible. Another careful examination was made before giving the 
anesthetic. A small tumor could be clearly felt at the upper part of the right 
iliac fossa. It was mobile and the size of a small apple. It seemed to be sur- 
rounded by a sort of resistant and lobulated tissue. After the patient was under 
the anesthetic, it was impossible to palpate this tumor and only a diffuse swelling 
could be felt. 

Operation was performed. Palpation of the abdomen showed a tumor which 
protruded into the cecum. This tumor was surrounded by an indurated zone 
which extended along the external wall of the cecum to 6 or 8 cm. from the 
valve. There was an oval, thickened plaque, about the size of a 2 franc piece, 
situated on the adherent border of the mesocolon 10 or 12 cm. from the valve. It 
was milky white. The mesenteric glands near the cecum were large and hyper- 
trophied. The appendix was normal. The diagnosis at operation was cancer of 

43. Ollier: A Case of Double Perforation of the Cecum. Loire mcd. 11:3 
(Jan. 15) 1892. 

44. Morel and Secheyron: Ulcer of the Cecum: P.<cudoinflamm.-itiir\ Ni-i- 
plasm; Ileocecal Resection; Cure. Soc. de med. de Toulouse, 189.'. 
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and considerable gas escaped on opening the peritoneum. . The true pelvis was 
filled with a cloudy, seropurulent fluid containing fibrinous false membranes. On 
examining the contents of the abdomen, one single loop of intestine was found to 
be of enormous size and was recognized to be a portion of the large intestine. It 
extended obliquely from the right iliac fossa to the left hypochondrium. On 
elevating it slightly, a linear tear about 2 cm. long and surrounded by a small 
layer of fibrin was found on the right lateral surface. Intestinal matter was 
escaping through this opening. Great difficulty was experienced in determining 
which portion of the large intestine was affected. However, it was evident that 
this distended loop was the sigmoid which had greatly increased in size and had 
left the true pelvis to extend into the abdomen in front of the viscera. After 
having extracted this loop from the abdomen, and after having sectioned it longi- 
tudinally, it was se«i that it formed an enormous sac containing many kilograms 
of fecal material which ^vas greenish brown, soft and did not contain scybala or 
foreign bodies. The intestinal walls were indurated and thick. Ulcerations were 
found on the mucosa. One of these ulcers was deep, almost annular and had 
perpendicular edges. The linear perforation already described was found at 
its base. 


Microscopic examination, at low magnification, showed that the ulcer was 
funnel-shaped ; the loss of substance occurred only in the mucosa and the muscu- 
lature of the mucosa. The base of the ulcer was formed by the submucosa; the 
edges were perpendicular and were formed by the glandular layer of the mucosa 
and the musculature of the mucosa. One of the edges of the glandular layer was 
separated from the muscular layer which was destroyed, and at this level there 
was a free space separating this layer from the muscular layer. The other layers 
of the intestine were normal in appearance. Under higher magnifiration, it was 
found that the anatomic elements composing the glandular of the intestitae in the 
vicinity of the edges of the loss of substance stained poorly; the nuclei of the 
glandular epithelial cells, as well as their protoplasm and the connective tissue of 
the wall of these glands had undergone coagulation necrosis. A short distance 
from the edges of the ulcer it was found that the anatomic elements preserved 
their normal structure. The base of the loss of substance was formed of loose 
connective tissue containing several round cells in its meshes; although the 
inflammatory process was relatively slight at this level, it was found, however, 
that this part of the submucosa contained many more embryonal cells than at 
other points of this tunic distant from the loss of substance. There ^vas no 
appreciable ulceration of the vessds or the other layers of the intestine. In this 
case, the ulceration was chiefly due to necrosis of the superficial layers of the 
mucosa accompanied by a moderate inflammatory process in the subadjacent part 
of the mucosa. 

Case 25 (Gamgee,^ IWB).— Perforating Ulcer of the Sigmoid Flexure of the 
Colon. 

A man, aged 28, had ulcerative colitis in Aug^ust. 1897. He suddenly ha an 
acute pain in the inferior region of the abdomen on November 1. His temperature 
ranged between 100 and 101 F. for several days. A circumscribed 
developed in the left iliac fossa. The tumor was incised and about 3 draenm 
(11.09 cc.) of pus were obtained from a localized intraperitoneal abscess, l' 
days after operation, gas and the contents of an enema escaped througn 
wound. The fistula closed and the patient recovered. 


48. Gamgee: 


Perforating Ulcer of the Sigmoid, Brit. M. J. 1:9S0. 1898. 
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hospital. At autopss’,. a stercoral ulcer was found on the posterior wall of the 
cecum. There was a small perforation at the center. The appendix was normal 
but the cecum and colon were distended by feces. The distention w-as apparcntly 
due to atony of the intestines, because there was no obstruction along the course 
of the intestine. 

Case 23 (Guinard," 1896).— Perforating Ulcer of the Hepatic Flexure of the 
Colon. 

A man, aged ' 27, while in good health, suddenly was seized with violent 
abdominal pain. Laparotomy was performed thirtj'-six hours later. There was 
diffuse peritonitis. The appendix was simply congested, but was excised; its 
cavity was free. The patient died thirteen days after operation. At autopsy, 
there was a purulent area containing gas at the junction of the ascending and 
transverse colons. The omentum was thickened and black. There was generalized 
peritonitis at the hepatic flexure and a perforation the size of a 5 franc piece was 
found. The intestinal mucosa was greatly congested. No other ulcers were found 
in the digestive tract. The perforation of the colon was the primary cause of the 
symptoms. 

Case 24 (Morel and Rispail," 189S ). — Ulcer of the Pelvic Colon: Perforation. 

The patient was a man, aged 67, who entered the hospital on April 26, 1896. 
His hereditary history was negative. He had never been seriously ill; however, 
since infancy, he frequently had dull pains in the abdomen, undoubtedly due to 
chronic constipation ; his stools had never been regular and at times he had profuse 
evacuations of solid material. At the time of the first c.xamination, constipation 
had lasted for one month. During this time, the patient had no desire to go to 
the stool. His appetite was preserved. Food did not produce any discomfort or 
sensation of weight; he had no fever and his facies were not altered. 

Examination showed that the abdomen was large and tense. A tumor of 
cylindrical shape could easily be seen under the skin. It began in the cecal region, 
ascended obliquely and became lost in the left hypochondrium. Palpation showed 
that this swelling was hard, resistant and of uniform consistency throughout its 
whole extent. Percussion showed marked loss of resonance. The left side of the 
abdomen seemed to be effaced in contrast to the distention of the right side. On 
palpation, it seemed that the sigmoid and the descending colon were empty, and 
over these regions percussion gave the .usual abdominal resonance. 

Rectal examination did not show any tumor or stricture. The fingers sccmcil 
to penetrate into a sort of excavation, as if the rectal ampulla was dilated in all 
directions. It was completely empty and did not contain any fecal matter. On 
account of these different symptoms, a diagnosis was made of intestinal occlusion. 
Although the distended loop extended obliquely upward and to the left, and did not 
follow the course of the ascending and transverse colons, it was bclicvctl that the 
cause of the obstruction was at the splenic flexure. The nature of the obstacle 
could not be determined. Cancer was eliminated. The patient was placed on a 
milk diet and a purgative enema was given on the 22d. Castor oil was given 
on the 23d and repeated on the 24th; three stools. On the 25th, he had a 
spontaneous stool. There was pain at the level of the umbilicus, which soon 
radiated. He did not vomit. Death occurred suddenly on the 26th. The 
patient had refused any operation. At autopsy, the' abdomen was greatly distoided 

46. Guinard: Perforating Ulcer of the Hepatic Flexure, Thesis Paris, June, 
i896, no. 324. 

47. Ihlorel and Rispail: Ulcer of the Sigmoid: Perforation. Soc. de med. 
Toulouse, 1896. 
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several capillaries, although the lumen was perfectly outlined by the elastic mem- 
brane and the middle tunic. The presence of dcatricial tissue containing vessels in 
the interior of an arteiy can only be interpreted as representing an old thrombosis 
of. this vessel. 

Case 27 (Tedenat," 1902).—Enortnous Retrocecal Abscess; Multiple, Large 
Perforations at the Origin of the Colon; Secondary Suture; Cure. 

A man, aged 40, who had had good health up to the age of 26 years, while 
living in Brazil for four years, had had syphilis, malaria and beriberi; he drank 
alMhol to excess. He returned to France in 1889.' He had chronic constipation 
with abdominal pains, frequent cough and was only in fair general condition. The 
present disease began on April 29, 1901, with sudden pains in the entire right side 
of the abdomen, radiating toward the thorax and groin, without vomiting, and 
without complete constipation. He remained in bed for twenty days with thirst 
and fever. His abdomen was slightly distended and was painful and tender on 
the slightest pressure. 

The patient entered the hospital on May 21. He was pale and thin. His 
temperature was 40.2 C. (104.3 F.), and his pulse rate was 104 and small. There 
was sharp pain in the entire right half of the distended abdomen. The skin over 
the right iliac fossa was red. The cecum was distended and gave a dull tympanitic 
sound. Cough was paroxysmal and there was induration of the right ape.Y. 

Operation was performed on May 22. Roux’s incision for appendicitis was 
made. The abdominal wall was indurated and bled freely. As soon as the peri- 
toneum was opened, about 500 cc. of thick fetid pus mixed with gas and fecal 
matter escaped. The cecum was greatly dilated and was reddish-violet. There 
were grayish, false membranes on its antcro-external surface, which was adherent 
to the parietal peritoneum. The appendix was of almost normal appearance and 
was found underneath the false membranes. On passing the finger behind the 
cecum, a large glassful of pus escaped. There were two rounded perforations, 
12 and 15 mm. in diameter on the posterior surface of the colon a little above its 
origin. These perforations were about 3 cm. apart At 4 cm. above the highest 
perforation, there were three other rounded perforations in a row, from 7 to 8 mm. 
in diameter. Two large rubber drains were placed behind the cecum and the 
entire perforated portion was surrounded with iodoform gauze and a large cotton 
dressing was applied. The patient passed a good night and on the next morning 
was much better; the temperature was practically normal; the pulse rate 68, 
and weak. On June 26, the patient's general condition was good. The fecal fistula 
still discharged. It was decided to close the fistula. 

An operation was performed under diloroform. An incision 26 cm. long was 
made parallel to the first incision at one finger’s breadth from the parietal fistula. 
The cecum was reached and the colon was separated from the abdominal wall. 
The intestine was almost normal. There was practically no change in the per- 
forations on the posterior surface of the colon. Each of the perforatims was 
closed with a purse-string suture, and the suture line was covered with pcri 
toneuffl. A large rubber and gauze drain was inserted to keep the cecum an 
colon aivay from the incision. Dressings were made with compresses raoistcM 
with salt solution. In the evening, his temperature was practically normal; i«s 

pulse rate 98, and strong. , r rm 

The patient left the hospital on July 26 with a granulating wound about o ■ 
long and from 1 to 2 cm. wide. The fistula closed. The intestine 
distmided. There was no pain. The patient had a good appetite; his bowel 


49. Tedenat, quoted by Quenu and Duval. 
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Case 26 (Quenu and Dm-al/ 1902 ). — Simple Hemorrhagic Ulcer of the Rectal 
Ampulla. 

A woman, aged 50, entered the hospital for protusc rectal hemorrhages. The 
hereditaiA- history- was negative. She had three children, two of whom died of 
diarrhea and convulsions; the living child was 16}< years of age. There had also 
been two miscarriages. She had been treated for metritis after the first miscar- 
riage, and had been sent to mineral springs. She had not had any other illnesses. 
The digestive tract functioned normally; digestion was good; she did not have 
diarrhea or constipation. The stools were normal and did not contain any mucus 
or membranes. She used alcohol somewhat to excess. The first rectal hemor- 
rhage occurred in November, 1899. It appeared without any definite cause and 
was profuse. She had s>-ncope, and her pulse became weak. .\ subcutaneous 
injection of salt solution became necessary*. The second hemorrhage occurred in 
Maj', 1900; it was arrested bj* rest in bed and ice. She became weak. In July. 
1900, there was a third hemorrage accompanied by sracopc. which was controllec! 
by ice and rest in bed. The fourth hemorrhage occurred in July. 1901 : ice and 
rest in bed were instituted as before. The fifth hemorrhage occurred on May 25. 
1902. This was perhaps the most severe hemorrhage, and rapidly caused «}-ncopc. 
Two injections of aqueous extract of ergot and an injection of salt soluti'>n were 
given. On the following day, the patient did not have hemorrhage The urine 
did not contain sugar or albumin. 

She entered the hospital on June 22. Rectal examination showed only some 
anal varicose veins. With the speculum 8 cm. above the anocutaneous line at the 
junction of the posterior wall with the right lateral wall, the following was found : 
(1) a superficial ulceration with a pink base. 3 or 6 cm. long, from which the 
hemorrhage occurred; (2) a cicatricial band situated just to the side i^f the ulcer 
which bled easily. The ulcer was cauterized with the thermocautery i.n June 22. 
and the hemorrhage ceased. Tampons were placed in the rectum. Menstruation 
commenced on the afternoon of June 23. and during the night there was a severe 
rectal hemorrhage which required salt solution. The uterine hemorrhage soon 
ceased. Tampons were placed in the rectum. The ulcer was on the mail to 
cicatrization on June 27, and on July 12 healing was complete and the patient 
left the hospital. 

^licroscopic examination revealed an ulcer of the rectal ampulla with arterial 
thrombosis. Serial sections were made following the a.\is of the extirpated ulcer. 
On each side of the sections it ^vas found that the rectal mucosa had an absolutely 
normal cylindrical epithelium. On the base of ulcer, the epithelium and the 
mucosa were lacking. In their place there was a dcpre.ssion 1 mm. deep and 
1.5 mm. wide. The base of this depression was formed by a fibrous zone ricli in 
migratory' cells (especially phagocytes) and covered with many red cells. It also 
contained some smooth muscle fibers which seemed to belong to the muscnlari*- of 
the intestine. This fibrous zone rested on a dense, sclerous, cicatricial tissue which 
contained few cells and was intensely stained by fibrous tissue stains. This iis<uc 
not only formed the deep portions of the ulceration, but it c.xtcnded on each side 
below the mucosa which rested directly on it without the interposition of a 
muscularis mucosa or any of the other layers of the intestine. The muco<a was 
thinner than normal and its interstitial tissue contained many k-ukocrtc'. The 
cicatricial sclerotic tissue contained a large number of capillaries. In addition, it 
surrounded a certain number of small veins and arterioles. Th.c large*: of tlse^e 


arterioles presented a remarkable disposition. It was found that in all 
the lumen was completely obliterated by a cicatricial fibrou® tis«i:v c 
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ments were regular and his general condition good. Tuberculous granulatfons 
were not seen either around the perforations or on the peritoneum. There were 
no lesions resembling cecocolic tuberculosis of the hypertrophic form. Hence, 
tuberculosis may be eliminated as a cause of these rounded perforations w-itli 
perpendicular edges. Can the lesions be attributed to sj-philis: The sj-philis had 
been well treated. 


Case 28 (Idem ). — Retrocecal Abscess in the Iliac Fossa and in flic Fatty Tissue 
Around the Femoral Vessels in the Middle Part of the Thigh; Perforation of the 
Posterior JVall of the Cecum: Afpaidix Little or not Diseased; Death Due to 
Chronic Septicemia. 

A man, aged S2, of good health, had had typhoid at the age of IS years. 
On Aug. 10, 1891, after eight daj-s of complete constipation, his abdomen became 
painful and he began to vomit His condition was serious for four days and 
was attributed to intestinal obstruction. .\n enema produced a profuse c\'aaiat:oa. 
The same painful symptoms recurred on September 8. The maximum pain was 
in the right iliac fossa with radiation to the thigh. He did not vomit. There wa.- 
an abundant discharge of gas through the anus. The stools became n-^rmal at 
the end of a week and the abdomen returned to its normal size, but the p.ii:: 
p«‘sisted in the iliac fossa and right thigh. He had continuous fever. pliysician 
was called on September 20, and found a deep swelling in the iliac fossa extending 
to the middle part of the antero-mtemal surface of the thigh. The swelling 
increased progressively, remaining deep in the abdomen and becoming more super- 
ficial at the internal surface of the thigh. The patient entered the ho.«pital on 
Oct. 12, 1891, thirtj'-four days after the beginning of this second attack. 
Although he continued to take milk and bouillon without vomiting, he twis paU-. 
thin, feeble and had hectic fever. There tvas a deep induration in the right iliac 
fossa. It extended to the median line without any marked redness of the skin 
and continued downward to the middle part of the thigh, elevating the vcfscls 
and thrusting them inward. The skin was red and adherent over the 5wclltn.c; in 
the thigh and showed fluctuation. There was an enormous edema of the entire 
leg. The intestine was moderately distended, but the abdomen was only sliub.tly 
painful on pressure, except in the iliac fossa. 

On October 13. an oblique incision 8 cm. long was made a little outside of the 
resonant protrusion formed by the cecum. Several adhesions were broken at the 
infero-extemal part of the thickened cecum and about 1 liter of fetid pus escaped. 
There was a perforation about 2 cm. in diameter on the external part n{ the 
posterior surface of the cecum. The purulent cavity was prolonged downward 
toward the true pelvis. A second incision was made 2 cm. below the creral aroij. 
It was 6 cm. long and was parallel to and outside the femoral vessels. A counter 
opening was made behind the middle part of the tendon of the tascui lata. Tiic 
crural focus communicated with the iliac focus through the crural cartal. Tnr 
cecum was adherent to the anterior abdominal wall. The purulent cavity v.a« 


subperitoncal. The appendix was searched for in vain. Four drains were ins 
There was great improvement of the general condition for about twc.vc da> 
patient took 2 liters of milk, bouillon and wine. 

On October 25, there was a profuse dischar,«!e containing fccal mat-.ru.'. 



pains increased and the fever rose. Two days later, an :nci«:on of 
and parallel to the first was made in order to reach the internal si 
cecum, for the purpose of seardifng for another abscess, resectinc 
portion or making an anastomosis. Some thin adhesions were sep 
appendix was practically free and was of normal appearance. It v.-i 
behind the cecum. It was rapidly resected. The operation liad j<> Iv 


5 cm. v.i 
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the size of a 5 franc piece was found. This perforation was almost round and was 
situated on the antero-external wall of the ascending colon and was parallel to 
the axis of the intestine. The mucosa was invaginated. The appendix was 
adherent, but did not show any perforation. The perforation was excised and 
sutured. The patient’s general condition improved, but the local condition did 
not show any improvement. The third operation, a median laparatomy with a 
transverse incision, was performed on July 18. The ascending colon was freed of 
numerous adhesions. Resection of 10 cm. of intestine with terminoterminal 
anastomosis. She was cured on August 7. 

Case 31 (Lyle,* 1912 ). — Simple Ulcer of the Colon; Perforation. 

A woman, aged 26, was admitted to St. Luke’s Hospital in October, 1909, with 
the diagnosis of acute appendicitis, with abscess. The history and clinical symp- 
toms on admission appeared to be those of an acute suppurative appendicitis 
engrafted on a chronic appendicitis. On admission, her temperature was sub- 
normal and the pulse rate, 92. A blood count showed 25,000 white cells, with 
86 per cent of polymorphonuclears. 

An incision was made over the mass, and a large abscess containing fecal matter 
was evacuated. On the inner wall of the cavity, about 2 inches (5 cm.) above 
the cecum, there was a large, oval, indurated ulcer, in, the center of which was a 
perforation, with necrotic edges. The edges were trimmed, a section removed for 
examination, and the perforation was closed. The appendix was outside of the 
cavity and apparently had nothing to do with the condition, but as it might have 
been the source of the infection, it was removed. A small rubber dam drain was 
inserted and the wound was closed. The patient made an uneventful con- 
valescence, and left the hospital twenty-three days later. Microscopically, the 
appendix showed nothing abnormal, and the section from the ulcer showed it to 
be a simple ulcer of the colon. 

On March 12, 1912, the patient returned to the hospital for the correction of 
a ventral hernia springing from the scar of the former operation. When this 
operation was performed by Dr. Gibson, the only evidences found of the former 
ulceration were a few fine adhesions on the colon. The picture presented by the 
original condition was so striking that one might have believed he was dealing 
with a gastric perforation. After the operation, a more detailed history was 
obtained, and it was then learned that the patient had long been a sufferer from 
indefinite gastric symptoms. She had made the rounds of the clinics, and her 
condition had been variously diagnosed as ulcer of the stomach, gallstones, floating 
kidney, chronic appendicitis and cancer. 

Case 32 (Eunike,®* Simple Ulcer of the Colon. 

Louis Sch., aged S3, was admitted to the hospital on Feb. 28, 1918. His past 
history showed that an operation for double inguinal hernia had been performed 
several years previously, the right side being operated on first. The condition l»d 
recurred. The patient had always had difficulty in having bowel movOTOits. He 
was often very constipated. Of late, he complained of severe pain in his abdomen. 
Eleven days before admission to the hospital, he began to have severe attacks oi 
pain. His bowel movements were irregular and thin. For the past three days, 
he had been vomiting. 

Physical examination revealed a strong, well nourished man, with a full, strong 
and regular pulse beat. Marked tenderness was elicited in an area over t e 

51. Eunike, K. W.: Ulcer Simplex of the Colon, Deutsche Ztschr. f. Chir. 
147:284, 1918. 
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debris was eliminated in seven or eight days, and a large intestinal fistula became 
established. The general condition of the patient improved rapidly, but the 
fistula still discharged abundantly. 

On March 16, operation was performed for the cure of the artificial anus, under 
an anesthesia of a mixture of alcohol, chloroform and ether. A flap of skin 
6 cm. long and 3 cm. wide was excised. There was a slight prolapse of the 
intestinal mucosa. It was separated with difficulty, inversed and sutured with a 
Lembert suture. The tissues were friable. The principal perforation was rounded 
and 2 cm. in diameter. Above this perforation there were two others, slightly 
smaller, separated by bridges of intestinal wall 1 to 2 cm. wide. These perfora- 
tions were located at the origin of the colon. A resection of the ileocecal segment 
with partial resection of the colon was decided on. The lower end of the pariet.*!! 
incision was enlarged downward and inward and the upper end directly upward. 
The cecum was separated, drawn outside the wound with the terminal portion of 
the ileum and the first 10 cm. of the ascending colon. Forceps protected by 
rubber were applied on the colon 8 cm. from the ileocecal valve and on the ileum 
at the same distance from its opening into the cecum. .\ wide, lateral anastomosi.« 
w'as made between the ileum and colon over a distance of 5 cm. The terminal 
sections of both ends of the intestine W'ere sutured. The edges of the wide and 
thick mesentery of the large intestine w’ere sutured. .\11 of these sutures were 
made rapidly with Lembert sutures of fine silk. The intestinal wall was sutured 
in three laj'ers with the exception of a distance of 2 cm. through wiiich a drain 
was passed to the line of intestinal sutures. A compressive dressing was applied. 

On May 4, the patient w'as considered cured. He had a good appetite and 
digestion was easy. The stools were regular. The general condition was excel- 
lent and he had gained weight. Examination of the tissue showed that the cecum 
was congested; the w’all slightly thickened, but there were no traces of ulceration 
of the mucosa. The ileocecal valve was soft. The three perforations were 
spread out over an extent of 6 cm., beginning at the origin of the colon. They 
w'cre rounded and had a punched out appearance. The edges were slightly 
thickened and indurated. There were no traces of cancer or tuberculo.'is. The 
appendix w'as 8 cm. long, straight, regular in size and normal ; its w’alls were soft. 
There w'cre no adhesions, ulcerations or scars. Tlie e.xcised .skin was thickened 
by a simple chronic inflammation. There w'as infiltration of leukocytes with hand- 
of sclerotic connective tissue. 

Case 30 (Zicklcr,“ 1910 ). — Perforation of the Asccifttinp Cohn. 

The patient was a w'oman, aged 25, without any previous history. She ha«l hail 
her first child a month previously. The confinement was normal. On May 25. 
while in the toilet, she had a sudden violent pain in the lower part of the ahdomi-n 
which soon decreased, but later reappeared with greater intensity and was acc'‘m- 
panied by vomiting. She entered the hospital thirty-six hours after the on^et of 
symptoms. On admission, she had symptoms of peritonitis and diacnosis was mailt- 
of appendicitis. 

Laparotomy was performed on May 27. On account of the .serious CKudis:- :! i-f 
the patient, nothing could l)e done except to remove the feces in the ahdom;!!::! 
cavity and drain. Her condition improved a week after the ojicration. .\ 
operation was performed on June 2. The pus pocket was cleaned, and a p-rf‘ir.i’.; n 


50. Zicklcr: Perforation of the Ascending Colon, r.citr. 
1910. 
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believed that he had an intestinal obstruction in all probability due to cancer of 
the larger intestine. On admission to the hospital, he was in bad general condi- 
tion; his complexion was earthy, his features drawn, and slight jaundice of the 
conjunctiva was noted. The pulse rate was about 100; the temperature, 38.5 C 
(101.3 F.). Since his admission, the patient vomited several basins full of greenish 
fluid. His abdomen was distended, tense and was extremely painful throughout. 
The slightest pressure produced contraction of the muscles. There were no peri- 
staltic contractions of the intestine. The arrest of feces and gas had been progres- 
sive and seemed to be total. It was thought that he had an occlusion due to cancer, 
but considering the condition of the patient, his temperature, the sharp pains oii 
palpation and finally the appearance of the vomitus, it was suspected that this 
neoplasm was accompanied by inflammatory phenomena. 

A median laparatomy was performed. When the abdomen was opened, it was 
seen that the intestinal loops were dilated, red and adherent to each other by 
means of fibrinous adhesions. The entire abdomen was carefully explored, and it 
was found that the right edge of the omentum was thickened and indurated and 
extended toward the right iliac fossa. It was adherent to the anterior ivall of 
the ascending colon at its origin. It was carefully raised and was easily detached 
allowing the upper surface of the lar^ intestine to be seen. Just above a line 
passing through the upper border of the intestine at its opening in the cecum, 
there was a regular circular perforation the size of a 50 centime piece. Its edges 
were sharp, hard and was located in the middle of a small indurated zone. This 
perforation was immediately closed with a tampon, and an incision was immediately 
made in the right iliac fossa, through which the portion of the large intestine on 
which the ulcer was situated was exteriorized. The exteriorization was maintained 
by fixing the intestine to the abdominal wall by means of several catgut sutures. 
This was done to gain time as the patimit was already weak, and it was believed 
tliat the cecoiliac fistula thus established would have a good effect on both the 
peritonitis and on the intestinal obstruction. The intestinal loops were deansed 
with ether through the median incision, and the operative incision was closed. A 
large drain was placed in Douglas' culdesac. Unfortunately, the patient died 
during tlie night following operation. The large intestine was removed at the 
autopsy. It presented no other lesion except the perforation which was situated 
at the origin of the colon on its anterior surface. The mucosa of the ascending 
colon and cecum seemed to be normal. With the exception of the induration 
which surrounded the ulcer, which was of slight extent, no other alteration of the 
intestinal wall could be found. The specimen was sent to a laboratory for 
examination, but unfortunately was lost so that no histologic examination could 
be made. Macroscopic examination showed that this perforation was distindly 
different from those seen in ordinary ulcerations of the intestine and no lesion 
was found which could explain its producUon. 

Case 35 (Idem).— Perforation of the Cecum. 

A youth, aged 20, was admitted to the hospital on Jan. 20, 1903, for appm- 
dicitis. He was operated on for an abscess of appendicular origin on F^ruao'^ 
A right lateral incision was made along the external border of the right rccins 
muscle. As soon as' the peritoneum was seen, it was evident that . 

found; in fact, on opening the abdomen, a creamy greenish pus with fecal o 
escaped. After having sponged this pus, it was found that the JJ, 

were adherent to each other. The hand was passed along the abdomin 
until the posterior wall of the cecum was reached. At this time bubble 
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abdomen, which was f;>'mpanitic. Both herniae recurred. On the right side, there 
was a small recurrence and a light, pale small operative scar. Tlie left hernia 
was about the size of a man’s fist and was irreducible and tense. A diagnosis of 
strangulated left hernia was made. 

An operation was performed on the left hernia under local anesthesia. The 
whole sigmoid flexure was tied down with adhesions and the wall was markedly 
hypertrophied. The incision was enlarged, and gas anesthesia administered. On 
enlarging the incision, there was a fibrous exudate, the form and color of which 
resembled that coming from a perforated ulcer of the stomach. Under deep 
general anesthesia, the hernia was repaired and an incision was made from the 
xyphoid to the navel. Again appeared the fibrous exudate. The stomach was 
found to be normal, but on tlie hepatic flexure a perforation could be seen. The 
wall of the bowel was much infiltrated. The perforation was sewed with con- 
siderable difficulty. The ligatures were cutting through. Tamponade and 
drainage was instituted. The patient made a good immediate convalescence, but 
died on the fifth day after the operation. Autopsj' showed general peritonitis. 
The sutures on the hepatic flexure held. In the close proximity of the perforation, 
there were three or four small ulcers. The rest of the colon did not show any 
signs of a pathologic process. The whole large intestine was hypertrophied. 

Case 33 (Soupault,® 1920 ). — Perforation of a Shni>lc Ulcer of the Colon. 

A woman, aged 22, was admitted to the hospital suffering from abdominal 
disturbances of acute onset. The diagnosis of appendicitis had been made, with 
the surmise that in the course of an acute attack with remission, perforation had 
occurred some hours before the patient’s entrance. 

Operation was performed, the Roux incision of 10 cm. being used. Incision of 
the peritoneum promptly revealed on the anterior aspect of the presenting coil, a 
perforation the size of a small pea, from which fecal matter escaped. The perforation 
was immediately closed with forceps, and the intestinal coil (cecum and ascending 
colon) was gently wiped off with a moist compre.ss. The perforation was found 
to be situated on the antcro-internal border of the ascending colon, 10 cm. above 
the cecum. The rounded perforation measured from 4 to 5 mm. in diameter. The 
borders were slight!}' thickened and ecchymiotic. The surroundings were slightly 
swollen and edematous, but not indurated. The intestinal wall was flaccid and 
hypcremic. The peritoneum had lost its normal sheen and presented a few false 
membranes. The appendix, lying in the focus of peritonitis, was not serinnsly 
affected, but was resected. The perforated ulcer was rapidly sutured with linen 
thread purse-string suture; a second scroserous layer was closed by a U suinre. 
The coils were irrigated with ether and two drains were placed in Douglas’ spare 
and in the iliac fossa, respectively. The wall was closed in two layers. The 
operative procedure took thirty minutes. The inlicnt made a good recovery 

Case 34 (Bazy,” 1920 ). — Perforation at the Origin of the .‘Iscendinii Colon 

A man, aged 65, was brought to the hospital with symptoms of progre*.siie 
intestinal occlusion. He had been having violent pains in the abdomen for eiebt 
days. He experienced severe colic which was generalized over the entire ab'lonnn 
He vomited. For two or three days, there had been the complete arre-t <>f fc'Cv 
and gas. Interrogation of the patient showed that he had had intt-tin.il <!i*'ir«!t r' 
for a long time, and on several occasions he had presented painful cri'v* .'icc 
panied by vomiting. He had chronic constipation. For tl:r»e re.-!-* »». .■■s:-! 
con.sidering the age of the patient, the physician who sent him to tl-.f b- 


52. Bazy: Bull, et mem. Soc. dc chir. dc Paris 46:416, l‘-20 



400 


ARCHIVES OF SURGERY 

was situated 3 cm. above the insertion of the appendix. The appendix was normal 
as well as the rest of the large intestine. The perforation had allowed fecal 
matter to pass into the peritoneum, and especially beans of which the patient had 
eaten a large quantity twenty-four hours before the beginning of symptoms. The 
edges of the ulcer were indurated and it had the appearance of an old lesion. 
The patient was a heavy eater and had chronic constipation. For three months 
he had been having discomfort in the right iliac fossa. 

Case 38 (Lardennois,“ 1920).— -Spontaneous Perforation of the Cecum. 

A man, aged 52, gave a past history which showed that he had had lead colic 
during the previous year, which had app^red while he was working on storage 
batteries. In addition, he presented evident signs of lead poisoning. Later, he 
suffered from digestive disorders and anorexia, difficult digestion and constipation. 
On September 9, while walking to work, he suddenly had a severe pain in the 
right iliac fossa and had to be taken home. A short time later, nausea and 
vomiting occurred. According to the patient’s story, the right iliac fossa was 
extremely painful and the vomiting persisted. There was no evacuation of feces 
or gas. His condition improved slightly after several days, and on S^tember 12 
he took a purgative. He had several stools following this purgative, but the symp- 
toms rapidly became worse and he was brought to the hospital during the night of 
September 16 in a dying condition. On admission, it was found that he had 
peritonitis. A median laparotomy was performed. Cloudy fluid was found in the 
entire abdomen. There were abundant false membranes. There was a circular 
perforation with sharp edges about 5 mm. in diameter on the cecum. It was at 
the most protruding portion of the antero-internal wall and appeared to be larger 
at the level of the mucosa than at the serosa. The appendix seemed to be normal. 
The cecal opening was rapidly closed. The appendix was removed for examina- 
tion. Inspection of the abdomen did not show any other lesion. There was no 
other ulcer, nor was cancer perceptible on careful examination. The adhesions 
were liberated, and the intestines were washed with ether. Drainage was 
instituted. The patient died during the course of the following night. 

A later examination showed nothing more than was found during the operation. 
The appendix did not present any lesion other than those of superficial congestion 
due to its presence in an area of peritonitis. Histologic examination was not made. 

Case 39 (Schoemaker "*). — In 1906, the author treated a man who had 
been sick for five days. The patient had always been in good health pre- 
vious to this time. On Sept. 12, 1906, he suddenly had a sharp pain in the 
abdomen which was followed by vomiting. At first the pain extended mw 
the entire abdomen, but little by little it became localized in the lower part. The 
pain diminished in intensity while his general condition became worse. He 
sent to the hospital on September 17. On admission, his appearance was tad. He 
had a characteristic peritoneal facies. Rectal examination showed that HouS'®* 
pouch was distended and painful. The diagnosis was acute appendicitis (low 
appendix which had perforated and had given rise to an abscess in the true 

pelvis). _ I 

An incision was made in the median line from the symphysis 
unjbilicus. On opening the peritoneum, a large amount of fetid pus escaped, 
cavity was emptied and dried with gauze tampons. The loops of small intes 
were adherent to each other. The appendix was found. It was red like tne 

55. Lardennois: Bull, et mem. Soc. de chir. de Paris 46:447. 1920. 

56. Schoemaker, quoted by Soupault. 
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were seen to arise, and at the same time the characteristic noise of intestinal 
perforations was heard. The appendix was twisted on itself and adherent, but 
there were no special lesions. On the other hand, a certain distance away from 
it on the anterior surface of the cecum was found a circular perforation which 
easily admitted the tip of the index finger. This perforation was easily closed by 
a double line of silk sutures. The appendix was removed. A drain was left in 
the abdominal cavitj'. The abdominal wall was closed in three layers. The 
patient left the hospital, cured, on April 7, 1903. 

Case 36 (Gregoire,® 1920). — Perforation of an Ulcer of the Sigmoid. 

A man, aged 55, of robust constitution but with chronic constipation, had passed 
stools on several occasions which contained blood. He attributed this to hemor- 
rhoids. On June 1, 1919, while walking, he had pains in the lower part of the 
abdomen and was obliged to go home. He thought that constipation was the 
cause of the pain, and he took an enema. When he went to the toilet, he suddcnly 
had a violent pain with vomiting. There was violent colic. He went to the 
hospital seven hours later. On admission, he was in great pain but his general 
condition did not seem to be bad; the temperature was 37.8 C. (100 I'.): tin- 
pulse rate, 104. His abdomen was greatly distended and painful throughout. 
There was an absolute arrest of feces and even of gas. On account of the 
sudden onset of these peritoneal sj'mptoms. it was thought that he had acme 
appendicitis with general peritonitis. Operation was performed seven and a half 
hours after the beginning of the symptoms. 

A right iliac laparotomy was performed. On opening the abdomen, a rather 
large quantity of grayish fluid mixed with fragments of feces was discharged. 
However, nothing was found at the ileocecal angle or at the level of the appendix. 
A small amount of fecal material was found in the true pelvis. The iliac incisimi 
was then lengthened downward and inward, and the epigastric artery was ligated. 
The true pelvis could then be easily explored. It was literally fdled with an 
enormous quantity of hard and pasty feces. After cleaning out the pelvis, a 
perforation the size of a 50 centime piece was found on the anterior surface of 
the sigmoid. The edges were slightly indurated for a short distance, and beyonrl 
the induration the mucosa of the colon was apparently normal. The edge.*- <if 
the perforation were resected, and the loss of substance was sutured in two layer.' 
Although the peritoneum and the intestine did not appear to he intlamcd. e.xtensive 
drainage was inserted on account of the presence of such a large amount of fere' 
in the abdomen. 

During the following days, the piitient seemed to support the nix-ration v.-i-ll . 
there was no vomiting, his general condition was good, and he pas^ed ga- 'P'-n- 
taneoiisly. However, there was .abundant suppuration fn>m the ahiloineii. It w.t' 
later learned th.at on June 16, this m.an ag.ain had abdominal pain- with proitM 
vomiting which became fecaloid, and he died. It was believed that tlu^e ‘>m].- 
toms were due to probable occlusion, -■\utopsy was not pcrfurined. 


Case 37 (Sieur.*' 1920). — Perforation of the Ceeiim. 

The patient was a man about .30 years of age. When tin- aiither 'aw l-.im S >- 
had an acute abdominal attack which was so serious that it wri' tlnnight .-.ilv:.-.' 
to .send him to the hospit.-il at once. The surgeon at the h'».'p:i:d <iii! n- t I'in-xi 
that he would be .able to operate and the patient died three ilav' httr. m:!- 
a itcrforation of the ceenm was found. It was the si.-e of .a cirni-v.i i':.< 


.a.3. Gregoire: Hull, ct mem. Soc. de chir. de Pari' 4C: 
54. Sieur: Hull, et mem. Soc. de chir. de Pari' 46:421. 
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middle of the tumor proved to be an area about the size of a 2 mark piece co«rc.l 
with a fibrin deposit. On bimanual palpation, from the lumen of the intestine 
through an invagination in the wall of the cecum, this area was found to be a 
crater-shaped, rather long oval, sharp-edged ulcer, the inner and outer finger 
tips being separated from each other by a thin layer. The appendix did not 
show any pathologic change. 

An appendectomy was performed. The pathologic part of the wall of the 
cecum was invaginated and buried in two stages by serosa sutures so that normal 
serous surfaces came together. Suture of the wall of the abdonfen was done 
in two stages, without drainage. On April 16, the wound healed by first intention. 
Bowel movements were obtained only after enema. The patient’s condition was 
good. In the histologic specimen of the appendix (serial sections), no pathologic 
changes were noted, particularly no tuberculosis. On April 25, the patient was up. 
Enemas were still necessary for bowel movements. Repeated examination of the 
stools for tuberculosis bacillus were negative. On May 11, a stool was passed 
after a purgative without any symptoms. The patient weighed 129 pounds 
(58.5 Kg.). She was discharged from the hospital cured. 

Case 41 (Ecot and Richard,” 1922 ). — Perforation of a Simpic Ulcer of the 
Ascending Colon. 

This recent observation on a perforation of a simple ulcer of the ascending 
colon, seen by the authors in the Service of Professor Pieree Duval,' is of particular 
interest from the clinical point of view (syndrome of occlusion) as well as the 
anatomic point of view, the only one here considered. The specimen was 
removed in the course of the operation and showed a rounded, punched-out 
perforation of from 6 to 8 mm., with thickened margins, situated on the antcro* 
external aspect of the ascending colon, 10 cm. above the ileal opening. The 
perforation permitted the escape of fluid material and gas; the patient at the 
time was suffering from perforation peritonitis. Excision of the ulcer, suture of 
the colonic wound and drainage were followed by recovery. Direct polymorpho- 
nuclear infiltration around the glands was visible at one extremity of the specimen. 
Embryonic infiltration was noted, especially abundant at the level of the muscular 
mucosa. Diffuse sclerosis, separating the fibers of the muscular mucosa layer, 
and perivascular sclerosis were also present, but no endarteritis. The capillaries 
were dilated and there was diffuse hemorrhagic infiltration. The serosa was 
slightly thickened. Accordingly, the condition was evidently long-standing mild 
sclerosis of the colon, apparently simple, as specific lesions of syphilis, tuberculosis 
or cancer, were not demonstrable at any point. The course of the discMe became 
complicated in the following days by intestinal obstruction. An artificial left 
iliac anus was made. 


Case 42 (Dickinson,* 1922) .—Perforating Ulcers of the Cecum. 

A man, operated on, April 3, 1895, had had acute right inguinal ^in and 
tenderness. There was no tumor. The rectal temperature was 101 F. The ron- 
dition was diagnosed as appendicitis. A right rectus incision was made. The 
appendix was normal. The cecum was enormously distended, with three points o 
impending perforation 6 cm. in diameter. The peritoneum was reduplicated over 
these. Necropsy, five days later, revealed that the points of suturing held, 
there were six new perforations in the cecum. These ulcerations were punc a 
round, sharp margins, not necrotic. 

Case 43 (Idem).— A man, aged 22, operated on, Dec. 4, 1916, had suffcrc or 
a number of years with gassy dj'spepsia, sour brash and delaj^ ' • 

relief on vomiting and never any pain. There was some discomfort in 
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tine, but it was no more inflamed than the intestine and there was no perforation. 
A small round hole was found in the sigmoid from about 3 to 5 mm. in diameter, 
and about 12 cm. abot'c Douglas’ culdesac. The edges were infiltrated, and its 
appearance was that of a perforated ulcer of the stomach. The edges were excised, 
and a small wound in the intestine was closed. Drainage was established and 
the abdomen was partially closed. 

The patient went into collapse on Septemljcr IS. I-Iis pulse was scarcely 
palpable, and in spite of stimulants, he died in the evening. 

Autopsy revealed normal thoracic organs. The stomach and the small and large 
intestines vrere opened. No inflammation of the mucosa or ulcer was found. The 
mucosa near the small intestinal wound in the colon was normal. Microscopic 
examination of the edge of the ulcer showed an inflltration of white cells. There 
was no evidence of tuberculosis. 

Case 40 (Levs',” 1921 ). — Simple Ulcer of the Colon. 

E. F., a servant girl, entered the hospital on .‘Vpril 9, 1920. There was no hi.*- 
tory of tuberculosis in the family. She always had enjoyed good health until 
three years before, W'hen she began having “stomach pain” lasting from one to 
two hours, which was so slight that she paid little attention to it. In Septemher. 
1919, she was treated for the first time in a hosipital for pain that came on suddenly 
in the right side of the abdomen. She was discharged in ten d.iys. She was 
admitted to the hospital again in Januaiy*, 1920, for the same symptoms. Since 
that time she has frequently suffered from constipation and had to take purga- 
tives. Three days before her present illness, she complained of dull pain over her 
whole abdomen which decreased a little after the passage of gas and a single stool, 
but the day before admission increased and became localized in the right side of 
the abdomen and from that time on was continuous. She did not suffer from 
vomiting. A hard stool was passed spontaneously in the night with severe pain. 
After that, the pain decreased considerably, but began again after about three 
hours. 

Examination on admission, on April 9, 1920, revealed a large, strong girl in an 
excellent condition of nutrition. The left half of the abdomen was soft, without 
rigidit}' and without pain, and was compressible. On the right, a little inward 
from ^IcBuniey’s point a rather long, oval, moderately hard tumor the sire of a 
small hen’s egg could be felt ; it was movable and sensitive, particularly in the 
central part. There was no abdominal rigidity on the left anil a trace on the 
right. Gynecologic examination revealed the uterus reirotlcxed, and no swelling 
of the adnexa. 

The symptoms seemed to suggest appendicitis, though the symptoms en p.dj>:t- 
tion left serious doubt of the di.agno.sis. The movable tumor inward from 
McRnnicy’s point did not fit into tiic picture of appendicitis, in which the ttnnor, 
if there is any. is generally fixed firmly in the hollow of the sacrum, lln! oji'-r.-i- 
tion seemed to be indicated. 

Opcr.*ition (Prof. .Alslierg) was performed under geiural aiie*thi-sia. \VI;. -i 
the abdominal cavity was opened, turbid-serous fluid gn'hi'fl out. to::- r 

could be felt on the wall opposite the ileocecal valve when tla* cecum pnV- ! 

out; it was .ilxuit 3 liy 6 cm. in sire. long. hard, smooth .-nsd a !i!t?e m!- nti-I ;:i 
the middle. Its red color was distinctly diifennt in m the •!! 

tonitis and showed dilatation .'ind branching of the w-'il- Thi •• t'.<- 


57. Levy. .Alfred: Simple I'lcer of the Cobn. DiistM-!!- Zr-r'-.t i ICJ: 

3 ;«. 1021 . 
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Cota" 1923)^i„,/>fc Ulcer of ,Uc Acccoiicg 

A man, aged SO, was admitted to the hospital on Oct. 3. 1921, with e\-idence o! 
active pulmonary tuberculosis. Nothing ^se abnormal was found, and there was 
nothing to indicate any disorder of the digestive tract. This condition persisted 
without any marked change up to Jan. 23, 1922, with a temperature ranging 
between 99.6 and 101.1 F. On this date, diarrhea occurred without any previous 
colic and there was an intestinal hemorrhage. There were four stools of red 
blood without clots amounting to about 1 liter. At the same time his temperature 
went down to 98.9 F. and the patient became pale and enemic. He complained of 
vertigo and marked asthenia. The hemorrhage was relieved by rest, diet, applica- 
tions of ice to the abdomen, by the administration of small, very hot enemas and 
the administration of calcium chloride and epinephrine. Several days later, when 
all danger seemed to be over, a careful and complete examination of the patient 
was made to determine the cause and location of the hemorrhage. 

The respiratory symptoms were not changed. Rectal examination was negative. 
No abdominal tumor could be palpated, but the spleen was increased in size and 
extended about 2 inches beyond the costal border. In addition, there was dulness 
in the flanks which moved with a change in position and showed the presence of 
a slight degree of ascites. The intestinal hemorrhage was not repeated, and one 
and a half months before death he began to complain of pains in the umbilical 
region. He had a permanent burning sensation which was better after taking food. 
Three hours later there would be a marked increase of the pain. At this time the 
pains would be sharp, radiating to the left shoulder and persisting for two or 
three hours. They never terminated in vomiting, but were relieved by evacuation 
of the bowels. Diarrhea generally occured. There were five or six stools dailj*. 
sometimes preceded by slight colic. His appetite was fair. Palpation w'as painful 
in the right iliac fossa. It was even more painful in the epigastric region just 
below the xyphoid and no tumor could be felt. His general condition became 
worse and it was not believed advisable to cause him to undergo the fatigue of a 
x-ray examination. Being confined to bed with his diet restricted, he rapidly 
became cachetic and he died on April 8, 1922. 

At autopsy, the lungs showed evidence of tuberculosis. The right suprarenal 
capsule, to a large extent, showed caseation. The left suprarenal was normal. On 
the ascending colon about 5 cm. above the ileocecal valve, there was found on 
the antero-external surface an ulceration arranged transversely, perpendicular to 
the axis of the colon. This ulceration was of linear form about 1 cm. long and 
from 1 to 2 mm. wide. The edges of the ulcer were slightly elevated and were 
dark. The base of the ulcer appeared to reach the subserosa. There was no 
peritoneal reaction at this level. On examining the serosa, a small vessel cou 
be seen by transparence. It was in a direction perpendicular to the axis, an a 
part of its course was exactly in relation to the base of the ulcer. This 
was obliterated at a point in its course w^hich corresponded to the center o t c 
ulcer; it was undoubtedly this vessel which gave rise to the intestinal hemorrhage. 
The entire mucosa of the ascending colon was pink, while this coloration was 
absent in the rest of the intestine. The mucosa of the large intestine present 
many folds without any appreciable lesions. Xo ulcer or other lesion was 
on the small intestine, duodenum or stomach. 

59. Qialier, J., and 3iIallet-Guy : Simple Ulcer of the Ascending Colon. Arch, 
d. mal. de I’appar. digest. 13:521 (June) 1923. 
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.*iji|'rni)u*»lnr rft:ii»n. Thr romliiinii was (Itaftnnsnl as rlironic apiii'iulicitis or 
rJjf'Jnj Tljf r;allM.'i<litrr was •tpriictl, disridsiitf; Oaric hilc. (Iiickcnrci willi 
ntiii'ijs, Jt «5 iiK ralctili. IVatnacc was iiistidiircl. Thr rcinaiiulvr of llic niKlomcii 
w:i<- a)i]iairinly itmioal t»n ]ial|iaiii>it anil rN|)Inralion, with the exception of the 
apprnthVnlar i reion, A sccoinl opcniiu: was ina>Ir. The appendix was chihhed, 
and r\cin-d ihrmieh the tip of the riYinn. tin inanipniation of tlie cecum 
So rNplore adJu'iojis. a liKatnie in the crcal incision pnlled off, with discharge of 
a snhstancr ir*rinMini; a ily-rnteric stool. The stoma was relicatcd with linen 
thtiad. Xictopiy. on the fnoilh day. rcvealril the liy.ntnre on the appendix stump 
;!i I'Jace. There wa^ a i;n:»;ril prjfoiatioii of ihr cernin the fi/r of a S cent jiiecc 
I ppiojje the ilisfcreal jnnciii'n. 

.1,] (Idrin^.-- A ntan. aecd opriated on, July il, l‘•21. a clerk of pood 
hal-it', rxprjiriiriil .'ihdoininal troiihle three weeks hei’ore, startin;; with severe 
pain at the ninhihVns, and stteeii, watery voinitns. This recurred with interinis* 
‘ii tj'. Dmhn; the *ei'-.nd week «*i the picseiit illnes*., the pain sliifted to the riftht 
hover ipiadrant. Voinitinu contimuil. the voniitos heeoininn lirown, TIic ]iatirnt 
hail I'leii yiven iinsidrraMe In^ninth. Korniyenoyrains were taken. There had 
hull :;o .■iCiii-M of the huwi-N in ten days. Ou admission to the hospital, the 
Ii.itieot pif •lilted inarkei! pyorihe.a. Coated toneiu* .‘ind reddened throat. Pain, 
riyiility :md triidriiii's were noted ;it the cecal reuinn, particularly on deep 
pri '■‘■ore. The heait 'omuls weie distinctly heard at the pnhes. .As some type 
of -.ip)trndiv'itis was suspected, an incision was made thronyh the rifilit rectos 
•hiath. Whin she pititonral cavity was opened, a puff of tjas was heard. The 
]•elitl■l;<mn and vi'Ciia wcie markedly iniected, and purplish red. The appendix 
was notin.il. The cicmn was ayKlntinateii to the lateral wall. When it was lifted 
tip, liipiid ficis r,\iided from .'cverid small opeiitiitis in the ulcerated areas, ahotit 
oppiuite the ilisicecal jmiction. These jviints of ulceration were .nhout 6 cm. in 
diameter. In view of iirevioiis experiences, the ceemn was stitched to the ahdomi- 
ii.il jK-ritonemn and inciseij freely, Ih'«iinitli feces were removed. Convalescence 
was pri-tiacted. and diirint; it the patient developed exfoliated stomatitis, asso* 
ciatrd with which was complete anorexia ami an intolerance by the stomach 
I Veil for water, except in small i|n.intilies. 

C.vs'i. -lii fllowen.'’* IWil. — /Vr/omfioii o/ //ic Lart/r /fciHvf. 

A Woman of midille ace with a negative gastric history was taken suddenly 
with severe abdominal pain, nausea and vomiting. lught hours later, the abdominal 
wall was rigid and the signs indicated a perforation. Operation revealed fecal 
material in tbe abdomen, and a perforation of the sigmoid. The walls of the 
colon were described ns rotten, and they only tore on attempts to suture. The 
woman died, but autopsy was not permitted. The author was unable to get a 
clear idea of the alKlominal condition, bnt thinks the perforation probably resulted 
from tbromlKisis. Evidence, in favor of a stercoral ulcer or foreign body was 
scanty. 

Cask 46 (Idem).— A woman, aged 27, who had been suffering from gastric 
ulcer, develojied severe pain all over the abdomen, with a definite right sided rigidity, 
ami maximum tenderness just .ibovc and internal to the anterior superior spine. 
Operation revealed an acute catarrhal appendicitis, with a perforation in the 
cecum, near the ileocecal valve. There was no free fluid in the abdomen, the 
perforation having been closed by some valve action. As no constipation had been 
present, a stercoral ulcer can be ruled out. 

58. Rovven, W. H.: Five Cases of Perforation of the Large Bowel, Guy’s 
Hosp. Rep. 72:441 (Oct.) 1922. 
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ulcer Avas caused by a fecolith. The perforation orifice was found to contain a 
hard fecal mass. The symptoms observed during life, at the time of perforation 
m the form of profuse hemorrhage from the anus and sudden onset of pain, were 
explained by the (microscopically) distended and congested vessels, which extended 
almost to the intestinal lumen. In spite of her advanced age, the patient had been 
in good condition up to a few months before her admission to the hospital on 
account of general weakness. As she suffered from chronic constipation, cascara 
was regularly administered. Her condition some months later was entirely satis- 
factory, when she was suddenly attacked by severe abdominal pains. The abdomen 
was painful on palpation, with some muscular defense. On three occasions, the 
patient passed a few small scybala with about 75 and 100 cc., respectively, of fluid, 
unchanged blood, without mucus. The results of the rectal examination were 
negative. At night, her hands became cold and the heart sounds became weaker; 
the pulse rate was 120 and weak. In the course of the next day, the temperature 
rose, the condition became aggravated, the pulse rate increased to 160, was weak 
and small, and at the end of the second day after the onset of the symptoms of 
perforation, the patient died. The autopsy explained all symptoms, indicating that 
the microscopically greatly congested vessels, reaching nearly to the intestinal 
lumen, were responsible for the profuse hemorrhages from the anus at the time 
of the perforation, with simultaneous onset of severe pains. 

Case SO (Boss," 1927 ). — Perforating Ulcer of the Large Intestine. 

A man, aged 38, entered hospital on Aug. 8, 1921. Eleven years before he had 
had gastro-intestinal catarrh while in Arabia which lasted eleven days ; ten years 
before he had had malaria in India. There were no further intestinal disorders. 
On August 7, the afternoon previous to his admission, while in perfect health, he 
had had sudden, violent, convulsive pain in the umbilical region and vomiting. On 
August 8, the day of admission, he passed a black stool. Vomiting and pain 
persisted in spite of the administration of narcotics. Peritonitis was suspected, 
and he was sent to the surgical ward of the hospital. On admission, physical 
examination showed him to be a robust man, in fair condition of nutrition, 
healthy appearance of skin and face. The blood picture revealed 11,200 leukocytes 
with 90 per cent polymorphonuclears. The temperature was 102 F.; pulse rate, 110, 
regular and full. The results of the physical examination were negative except 
that in the abdomen, the scaphoid was indrawn; there was intensive rcsistana, 
and the greatest pressure pain in the region between the navel and the symphysis. 
The urine was normal. A diagnosis of peritonitis was made, and operation was 
immediately performed. 

A median laparotomy was performed. The small intestines were reddene 
There was some pus deep in the pelvis. It was more abundant in the median line 
than in the region of the appendix. The appendix was free and was found not to 
be responsible for the peritonitis. The intestines in the pelvis were covered witn 
fibrin. In the lower portion of the sigmoid, there was a perforated ulcer the size 
of a bean from which feces were discharged. The tissue in the ® .. , 

ulcer was not infiltrated but reddened. The ulcer was closed by five longitu i 
catgut sutures and two rows of catgut sutures. To relieve the . 

sutures, a broad colostomy was made in the descending colon, three han 


above the suture line. , 

Two days after operation, there was a large stool from the fecal ^ 

patient made an uneventful convalescence and was discharged as wcl on 
15. Four weeks after operation sigmoidoscopy revealed a norma 
the mucosa for 22 cm. The ulcer had disappeared. 
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nistnloKi'c cNainiiuiiiiin rrvcalcil a simplr nicer of llu* colon without any 
tnhcrrnliMis nr nri>])ln>iic formation. The cdiics of the nicer were raiised. The 
tderr had extended thronph the innM‘nlari$ inncosa and had deeply penetrated the 
nnncniar layer. Tliis proKre.>>sion was accompanied hy a marked lymphocytic 
reaction. The vessels of the .'iileerii.'.a were ohliterated. The riftht suprarenal 
wa' casrateil. hnt there were smile traces of planditlar tis.sne. Giant cells were 
found. The section incindeil a sympatlictie panplion, which was nurnial. 

t'AM. 4S (Mint.'.'* VJ2^).—Siinf'lr 1‘lct'r of thr Colon. 

.\ pirl, aped IS, took sick with vomitiiif: and nhdoniiiial pains, cvacnatinn of 
fifteen iiematoiles took place five days after castor oil had hccii Riven. Within the 
next eleven liays, intermitient attacks of colic and constipation occurred. On the 
sixteriith <kiy. the aiteiidinR physician e.stahlisheil evidence of a ninhilc tniiior in 
the ileoci-cal reRioii ami jirescrilird oleum chenopoclii, whereupon another ascaris 
was evacnaieil. On the seventeenth d.ny. diirhiR ex.aniination in my department, 
.an exticniely niohile tumor was found lielow the nmhiliens. The diaRiiosis of 
cluoiiic invaRination was confirmed l»y the x-r.ay examination. Seven hours after 
iiiResiiiin o{ the contrast niral. the lower ilenm and also part of the asceiidiiiR 
colon weie filled, and the invaRination of the ilenm loop could he directly seen 
on the plate. Sto<i|s that resemtded the fecal matter of sheep were passed on the 
same day, (hi the eieiihiR ]irior to oper.ition f twentieth dtiy of the discaiic), 
the colicky pains, which had hccti constant and sliRlit, hecaine more severe. The 
tniiior iHcame mlarRed to a cylinder which disappears ohlicpiely upward to the 
left underneath the oistal arch. l.ater mi, vomithiR set in. Immediate surgical 
intervention was advised. The ileiini. cecum and ascending colon were invaginated 
into the transverse colon. DisinvaRinatimi of the edematous intestinal parts was 
|irrformed without didicnity. In the ceciini, a hard indentation of the wall, 
oji|«isitr the orifice of the ilenm was iioiice.nhIe. This was the size of a I mark 
piece. The sero»a over it was thickened and naming red — in short, the picture 
was iircst-iitrd that one »ees on the serosa over iiejitic ulcers. Typical ileocecal 
resection was performed. The jiaiient had an inicventfiil iiostopcrativc course. 

The cecal wall as a wlnde was nnehanged. The indentation apiiearcd to have 
heeii due to the iiitlexihiliiy of the diseased place in contrast to the distended, 
healthy .‘idjaccnt (larts. (hi the miicuns niemhrane, there was a sharply defined 
ulcerated surface of the size of a I mark iiiecc which corresponded to the 
indentaiinn. This surface wn< of hrnw'iiish red and contrasted markedly from 
the completely healthy appearing adjacent nincoiis memliranc. .-\ similar nicer 
the size of a pen was situated I cm. away from it. at the same level. 

.Microscopic exaininniion revealeil the serosa coiisiderahly thickened, with newly 
formed dilated vessels. The larger nicer showed a sharp demarcation from the 
siirroiinding area, loss of nincons niemhrane. small celled inflltration and scattered 
necrotic foci, which are also found in the iiinscniaris. On the little ulcer, similar 
conditions were found which did not penetrate so dccjily. Thrombosing endar- 
teritis could not he demoiistr.'itcd. 

Cs.si: 49 (Brocre,*’ 192.1). — DecuhUns deer of the Colon. 

This contrihiition enmes from the Pathologico-Aiiatomical Laboratory of the 
Wilhelmina Institute in Amsterdam, and concerns the autopsy observations in the 
case of an old woiiian 80 years of age. An nicer was found at the transition of 
the rectum into the sigmoid flexure of the colon. Rupture of a so-called decubitus 


60. Broerc, M'. J. : necubitns Ulcer of the Colon, Xedcrl. Tijdschr. v. Genecsk. 
67:2274, 192.1. 
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There have been a few experimental and clinical studies that have sug- 
gested the possible occurrence of a selective distribution of portal blood 
in the liver and the presence of independent currents of blood in the 
portal vein. Final proof of the presence of these currents has not 
been established, and the selective distribution of portal blood in the 
liver has been held in doubt. The possible existence of segregated 
streams of blood in the portal vein and their subsequent distribution 
to definite parts of the liver is of interest and should be of considerable 
practical significance in the study of the physiology and patholog}' 
of the liver. The evidence in favor of the existence of these phenomena 
has not generally been known or seemingly accepted. 

In 1901, Serege^ injected india ink into the splenic vein of the 
dog and found particles only in the left lobe of the liver; when the 
ink was injected into a tributary of the large mesenteric vein, particles 
were found only in the right lobe. These experimental obsen'ations 
were confirmed by Glenard.^ Bauer® and several other workers 
repeated the experiments, but they were unable to distinguish any 
difference in the distribution of the india ink, and therefore denied the 
existence of a dual portal current. In 1907, Loeb* found that the 
iodine content of the right lobe of the liver of rabbits was constantly 
greater than that of the left one hour after subcutaneous injection of 
potassium iodide. This observation was confirmed by Wells® and 
Hedenburg. 


* From the Department of Surgery, Washington University School of Medi- 
cine, and Barnes Hospital, St. Louis. 

1. Serege, H. : Contribution a letude de la circulation du sang porte dans Je 
foie et des localizations lobaires hepatiques, J. de med. de Bordeaux 31:271, 29 


and 312, 1901. , « , - 

2. Glenard, F. : Note sur les localizations lobaires hepatiques. Bull, et mem. 

Soc; mM. de hop. de Paris 18:386, 1901. _ 

3. Bauer, A., and Brissant, E.: L’independence des lobes du foie est hypotn . 

J. de I’anat. et de la physiol. 45:1, 1909. 

4. Loeb, O. : Die Jodverbeilung nach Einfur verschiedener Jodverbmdung 

Arch. f. exper. Path. u. Pharmakol. 56:321, 1907. . , 

5. Wells, H. G., and Hedenburg, O. F.: Studies in the , 

Chemiotherapy of Tuberculosis: The Permeability of Tubercles for lodin 
pounds and Proteins, J. Infect. Dis. 11:349, 1912. 



BARROS— ULCER OF COLOX i'u 

Rocntgcn-ray examination of the intestine after a tiarium meal anri a harit:;;-. 
enema showed that in passage from the descending portion of the lar^e intestine 
into the sigmoid flexure, a constriction occurred, lasting several hours, at a p 
which corresponded to the location of the sutured ulcer. The followim; hist-iry 
was obtained from the patient some time after his operation: Six months >rc 
the perforation, the patient had had an accident while carrying a heavy h-kad. lit. 
had slipped and fallen, injuring his hack. From that time on 'he had had r ;> 
siderable abdominal pain when lifting heavy weights. 

Cases 51, 52 and 5.3 are my cases 1, 2 and .3 which have hetn rcp'Ttcd larlv.r 
in this paper. 
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and be maintained in the portal vein, we made a careful study of the 
portal system and its tributaries and also of the mode of termination 
of the portal vein in the liver. 

THE ANATOMY OF THE PORTAL VEIN IN THE DOG 

Mode of Termination of the Portal Vein at the Hihtm of the Liver. 

^At the hilum of the liver, the portal vein divides into two main 
branches; the division takes place at an angle of » about 170 degrees. 
The right branch of the portal vein is smaller and has a much shorter 
course than the left branch. 

The right branch of the portal vein is distributed entirely to the 
two lobes of the liver which lie most laterally. After a short course 
outside the liver, the vessel divides into two or four branches, and 
one, or a pair of these, passes into each of the two right outer lobes. 

The left branch of the portal vein traverses the hilum of the liver 
for a distance of about 5 cm.; in its course it gives off three branches 
which come off at right angles to it and pass directly to the three 
intermediate lobes of the liver; some of these branches may be paired. 
The main vessel ends by dividing in a radiate manner into five branches; 
each of the two large left lobes receives two branches, while the fifth 
branch passes into the small lobule of liver which is situated immediately 
to the left of the gallbladder; this lobule also receives a branch from 
the main left trunk (figs. 1 and 2). 

It will be observed that strict anatomic bilaterality of the portal 
vein does not obtain in the dog’s liver as it does in that of the human 
subject. In the dog, the left branch of the portal vein supplies two 
thirds of the whole organ; the right branch of the portal vein delivers 
blood only to the two outer right lobes of the liver. 

Intrahepatic Course of the Portal Vein. — ^The intrahepatic course 
of the portal vein was studied in specimens in which iodized oil (40 
per cent) had been injected into one of the tributaries of the portal 
vein in a living dog. Roentgenograms of the excised livers were taken, 
and an exact outlining of the venous channels was obtained (fig. 2). 

It was observed that the main vein of each lobe splits up in an 
arborescent fashion, and that there is no anastomosis between the larger 
branches. The larger branches of the portal vein and their smaller 
ramifications are clearly displayed in figure 2. When livers from human 
beings had been injected with iodized oil ’40 per cent a similar distri u 
tion of the portal vessels was demonstrated; furthermore, the strict v 
sectorlike distribution of the large portal branches suggest that the 
human liver may be regarded as a multilobar organ resembling close) 
the dog’s seven lobed liver. 
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In 1914, Bartlett," Corper and Long studied the problem. Olive 
oil emulsified in blood serum was injected into different parts of the 
portal system of the dog. After counting the number of fat emboli 
in microscopic sections of different parts of the liver, they concluded 
that a dual portal current exists in the dog’s portal vein; and that 
blood from the stomach, spleen, duodenum, first portion of the jejunum 
and rectum flowed mainly to the left lobe of the liver, while blood 
from the lower portion of the jejunum, the ileum and the first portion 
of the large intestine flowed mainly to the right lobe. 

More recently, Mclndoe ~ and Counseller made anatomic studies 
of the liver in man by means of the celloidin-corrosion method; these 
studies indicate an anatomic division of the liver into two separate 
units. These workers have demonstrated that the area of distribution 
of the right and left branches of the portal vein in the human liver is 
sharply divided along a line from the fossa for the gallbladder to the 
entrance of the hepatic veins into the inferior vena cava, and that the 
only communication between the two vessels is through intercellular 
sinusoids. The same line of demarcation separates the field of supply 
of the branches of the right and left hepatic artery and also the branches 
of the two hepatic ducts. The line of lobar separation, as determined 
by the celloidin method, corresponds to the recognized embryologic 
boundary between the right and left lobes of the liver. 

In the present investigation, we made a study of the blood currents 
in the portal vein itself, and observed the subsequent distribution of 
the blood in the lobes of the liver. Dyes were injected into different 
radicles of the portal vein of the dog, and their ultimate localization in 
the liver was observed. The advantages of this method are that the 
injected material can immediately be visualized in the part of the liver 
to which it has been conveyed, and that the dye-stained blood can be 
seen in the portal vein when the vessel is submitted to powerful trans- 
illumination. The method overcomes the objections to the use of 
particulate matter for intravenous injections. 

At the outset of this experimental study, emulsified iodized oils 
were introduced into various parts of the portal circulation, and 
roentgenograms of the liver were obtained. An unequal distribution 
of the iodized oil was often noted, but the site in the liver in which 
the oil localized itself was inconstant. 

As we believed anatomic considerations would be of importance 
in determining the way in which a system of stream-lines might arise 

6. Bartlett, Corper and Long: The Independence of the Lobes of the Liver, 
Am. J. Physiol. 35:36, 1914. 

7. Mclndoe, A. H., and Counseller, V. S.: Bilaterality of the Liver, Arch. 
Surg. 15:589 (Oct.) 1927. 
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portal vein; it joins the mesenteric vein at an angle of about 45 degrees. 
About 2 cm. from its termination, it receives a branch from the posterior 
part of the stomach and lesser curvature. 

Large Mesenteric Vein®: The large mesenteric vein is larger 
than the splenic vein; it drains blood from the lower part of the 
duodenum and the whole of the small intestine. Near its termination 
it has a linear course, and the portal vein appears to be a direct con- 
tiuuation of it. 

The small mesenteric vein ® enters the large mesenteric vein at an 
angle of about 5 degrees, less than 1 cm. below the point of union 



Fig. 2.— Dog's liver after intraportal injection of iodized oil. Note the 
arborescent character of the large portal veins and the absence of large intralobar 


anastomoses. 


of the splenic and large mesenteric trunks. The small mesentenc 
vein drains blood from the whole of the colon; it has two main branches. 
The right branch comes from the cecum and the first part of die coon, 
the larger left branch collects blood from the distal part of the co on 
and rectum. The two branches unite into a short common stem a 


8. In works on anatomy of d>e dog the mesenteric veins are 
small. The large vein corresponds to the superior vein of the human subj . 
small win corresponds to the inferior me-enteric win. 
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The Anatomy of the Portal Vein and of Its Tributaries . — In the dog, 
the average length of the portal vein is 8 cm. It begins dorsal to the 
neck of the pancreas by the union of the splenic and large mesenteric 
veins. The vessel runs in a ceplialad direction, dorsal to the superior 
part of the duodenum, between the two layers of the lesser omentum 
to the right end of the porta of the liver, where it divides into a right 
and a left branch. 



Fig. 1. — Diagram of the portal system of the dog showing the main tributaries 
and the mode of termination of the vessels at the hilum of the liver. 1 indicates 
the portal vein; 2 and 3 , the right and the left branch of the portal vein, respec- 
tively; 4 , the main mesenteric vein; 5, the small mesenteric vein; 6 , the splenic 
vein ; 7, the gastric branch of the splenic vein ; 8 , the lower pancreaticoduodenal 
vein; 9 , the upper pancreaticoduodenal vein; 10 and 11 , the right and the left 
branches of the small mesenteric vein and 12 , the enteric branches of the large 
mesenteric vein. 

Tributaries : The chief tributaries are the splenic, the large mesen- 
teric and the upper pancreaticoduodenal vein. 

Splenic Vein: The splenic vein runs to the right from the hilum 
of the spleen and ends by joining the large mesenteric vein to form the 
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lobe of the liver constantly received a portion of the dye. The remainder a- 

right si<te of the liver retained its normal chestnut color, and the dj-e did not 
register itself m any part of it. ^ 

Sto^ch: ■^e injection was made into a small vein on the lesser cunature 
The whole of the left half of the liver was uniformly stained by the dye The 
line of separation behveen the right and left lobes was sharply demarcat«l and 
thrown into striking contrast by the unilater^ staining of the liver. No trace of 
dye was recognized in the right side (fig. 3). 

PMcreas and Upper Part of Duodenum: An injection was made into the 
superior pancreaticoduodenal vein. The dye was constantly carried to the right 
side of the liver; the two lobes on the extreme right of the liver were deeply 
stained. A small amount ^vas deposited in the right border of that lobe which 
adjoins the two more lateral lobes (fig. 4). 



Fig. 3. — ^Dog’s liver drawn from a specimen to illustrate the distribution of 
trypan blue after the injection into a gastric branch of the splenic vein. The black 
area denotes the part of the liver that was stained by the dye. 


An injection was made also into the inferior pancreaticoduodenal vein. The dj^ 
was carried mainly to the right half of the liver, although a certain amount reached 
the left side. The lobe which lay immediately to the right of the gallbladder alu'aj'S 
showed deeper staining than any other part of the Imr. 

Jejunum : Dye was injected into a mesenteric vein at the highest part the 
jejunum. The bulk of the dye registered itself in the two extreme right lobtf ol 
the liver. Scattered spots of coloration were seen occasionally in the left ha o 
the liver but never more than a few (fig. 5). 

Cecum and Appendix : A small vein at the root of the meso-api»ndix ^ 
selected for injection. The dye was transported to all parts of ^e liver, 
large outer left lobe of the liver generally showed a greater deposition of 
other parts, and was stained more de^ly than the rest of the liver. In some 
the right half of the liver showed a greater amount of dye than the left. 
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enters the left side of the large mesenteric vein a little toward its 
ventral aspect. In some dogs, the right and left branches of the small 
mesenteric vein do not unite to form a common vessel, but enter the 
large mesenteric vein separately at the same level. In such instances, 
the branch from the left portion of the colon enters on the left side 
of the large mesenteric vein, an^ the right terminates about the center 
of the ventral aspect of the main mesenteric trunk. 

Pancreaticoduodenal Veins: There are two of these vessels. The 
upper pancreaticoduodenal vein drains the head of the pancreas and 
the first part of the duodenum and also receives a small tributary from 
the pyloric area. The vein ends by joining the portal vein on its right 
side, about 2 cm. below the hilum of the liver. The lower pancreatico- 
duodenal vein derives blood from part of the head of the pancreas 
and the distal part of the duodenum ; it ends by joining the right side 
of the large mesenteric vein about S cm. from the termination of this 
vessel. 

EXPERIMENTAL STUDY OF THE DISTRIBUTION OF THE PORTAL 
BLOOD CURRENT IN THE LIVER 

Method. — ^Trj'pan blue, dissolved in blood serum, was employed as the coloring 
agent for the stud)’ of the portal blood current. One gram of trsrpan blue crystals 
was dissolved in 15 cc. of blood serum; 3 cc. of this solution x^s the amount 
generally given at each intravenous injection of the portal radicles; the quantity 
was varied slightly according to the size of the dogs employed. The advantages of 
the dye are its lightness and solubility, and the parts of the liver to which it is 
conveyed by the blood stream are immediately colored. The staining of the liver 
persists for some time, and formaldehyde preservation of the specimens does not 
obliterate the coloring. 

The dogs were anesthetized with ether, the abdomen opened, and the various 
portal tributaries injected with trypan blue solution; the animals were killed with 
ether soon after the injections, and the liver was removed for examination. Injec- 
tions were, as a rule, made into the smallest veins that could be easily entered by a 
hypodermic needle; care was taken not to disturb the normal position of the 
viscera when the injections were being carried out. About thirty seconds was the 
average time taken to complete an intravenous injection, and only gentle pressure 
was employed. In some instances, the position of the animal on the operating 
table was altered in order to study the effect of posture. The experiments were 
repeated many times for each part of the portal vein that was under investigation. 
In all, about 100 experiments were performed. 

Sites of Injection and Results. — ^In the following descriptions, the liver is 
regarded as being divided into right and left halves by a line passing from the 
fossa for the gallbladder to the entrance of the hepatic veins into the inferior 
vena cava. It was noted that in the canine liver this division does not correspond 
to the anatomic distribution of the two main branches of the portal vein. 

Injection of Splenic Vein: A venule at the lower end of the hilum was selected 
for injection. Almost the whole of the left lobe of the liver was colored by the 
dye. It was observed that a limited area of tlie upper part of the extreme right 
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The Disappearance of the Dye from the Liver.-la some instances, the behanor 
of the dye in the liver was observed before the animals were killed. It was noticed 
that when the dye had restricted itself to a particular portion of the Ih-er there 
was only a slight tendency for diffusion to occur to a part beyond the initial site 
of localization. After from five to ten minutes, the dye commenced to disappear 
from that part of the liver in which it had first deposited itself. The liver as a 
whole assumed a slightly darker color throughout, but only to the same degree as 
the other organs of the body that, for a time, became tinted light blue when the 
dye reached the systemic circulation. 

The Effect of Large Injections of Dye.— When the trypan blue was injected in 
a large quantity the liver was colored throughout, but the staining was not equal 
in all parts; for example, if a large volume of dye was injected into the splenic 
vein the whole liver became blue, but the staining was always more pronounced 
in the left side. 



Fig. 6. — Distribution of dye after injection of a vein in the mesentery of the 
lower part of the colon. 

VISUALIZATION OF THE CURRRENTS WITHIN THE PORTAL VEIN 

Method . — ^The peritoneum was denuded from the surface of the portal vein and 
its larger tributaries near their termination. The experiments were carried out 
in a darkened room. A Cameron curved abdominal light that transillurainatcd the 
interior of the vessels was placed immediately behind the portal vein. The moving 
blood current was evident at once, when the light was placed in situ. Small do^ 
were used in these experiments so that effective transillumination of the portal \ein 
could be obtained more readily. Trypan blue dissolved in blood serum was mtro 
duced into different branches of the portal system, and the transilluminated 
vein was kept under observation while the injections were being made. c 
injections were made slowly and with great gentleness. 

A striking demonstration of sharply defined intraportal^ currents wm a^ or c 
by this method, and the extreme rapidity of blood flow in the portal vein w 
made evident. 

Sites of Injection and Results.— Splenic Vein. The injection \«s made 
the hilum of the spleen. The dye-stained blood ^vas seen to enter toe let s 
the portal vein obliquely. The dark stream kept strictly toward toe left side o 
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Descending Colon and Rectum: The large vein in the mesentery of the left 
part of the colon was selected for injection. The dye was distributed throughout 
the liver. A greater amount of dye was evident in the left side, more especially in 
the large lobe on the extreme left side of the liver (fig. 6). 



Fig. 4. — Distribution of dj'c after the injection of trypan blue into the upper 
pancreaticoduodenal vein of the dog. The darkly shaded area indicates the part 
of the liver to which the dye was oirricd. 



Fig. 5. — Distribution of dye after the injection of a mesenteric vein of the upper 
part of the jejunum of the dog. 

Large Mesenteric Vein: The dye was injected at a point just distal to the 
entra of* of the small mesenteric vein. The dye was deposited in the two lobes at 
the extreme right of the liver ; a little was carried to the lobes of the left side. 

The Effect of Posture . — ^Alteration of the position of the animal on the operat- 
ing taWf, such as turning the trunk to one side or supporting the animal in the 
quadruped position while an injection was made, did not alter the character of the 
experimental observations. 
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It may be inferred from these facts that possibly blood that has 
been conveyed from the periphery of the portal system to a particular 
section of the liver is utilized in that specific area without contact with 
blood from other parts of the portal tree. It is of interest to note 
that, according to our experimental observations, the blood whicli is 
carried to the left lobe of the liver is drained principally from those 
abdominal organs that are not strictly engaged with the digestion or 
absorption of food, namely, the spleen, the stomach and the greater 
part of the colon; whereas, the blood collected from those parts of the 
alimentary tract where the products of digestion are absorbed is carried 


to the right side of the liver and, in the dog, often to a special and 
constant site in that lobe. For example, the blood from the upper 
pancreaticoduodenal veins is conveyed to the two lateral lobes of the 
right side of the liver. 

In brief, it would seem from our evidence that there are areas in 
the liver which are especially supplied with blood from specific parts 
of the portal system, and that the blood from the different parts of 
the portal system does not become mixed in the liver nor, as we shall 
indicate, in the portal vein itsdf. 

An explanation for the selective distribution of the portal blood in 
the liver is afforded by the visual demonstration of stream lines in 
the transilluminated portal vein after the injection of dyes. These 
currents serve to transport blood from the periphery of the portal 
system to the liver in such a manner that little or no intermingling 
of the individual blood streams occurs in the main portal channel. It 
would seem from our experiments that there are at least three main 
blood currents in the portal vein. These currents are, in our opinion, 
derived from three sources, namely, the splenic vein, the large mesenteric 
vein and its branches and the small mesenteric vein. In our observa- 
tions, three sets of currents were initiated and maintained in the portal 


vein by these three large vessels. 

Maintenance of individuality of different currents in the portal vein 
finds a counterpart in at least one other human circulatory system. 
In the fetal heart, blood from the superior and inferior vena cava 
does not mix freely in the right auricle. Likewise, the individual 
currents in the portal vein may be likened, in part, to the union of tno 
rivers, for example, the Rhone and the River Avre, one clear an 
the other muddy, that retain their identity for a considerable distance 
after their union in a common stream-bed. This phenomenon of sep 
arate streams in a moving body of water is well known to h} raw 
engineers and is usually discussed under the name of stream mes. 
The anatomic disposition of the splenic, large mesenteric 
mesenteric veins would seem to be favorably adapted 
of blood into the main portal channel in such a direction a 
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portal' vein and preserved a narrow, ribbon-like course throughout the portal vein 
up to the hilum of the liver. No mixing with the adjacent blood in the portal vein 
was observed, and a cleancut linear division between the narrow splenic and the 
broad mesenteric streams was seen throughout the length of the portal vein. The 
injection was continued for several minutes, and at no time was there any altera- 
tion in the character of the current. 

Injection of Jejunal 'Vein: A vein in the mesentery of the upper part of 
the jejunum was selected for injection. The stream was narrow and was sharply 
demarcated. It maintained an undeviated course along the right wall, and no 
mixing with red blood was seen to occur as it traveled to the hilum of the liver. 

Small Mesenteric Vein; The large vein in the mesentery of the descending 
colon was selected for injection. A thin linear current of blood was visualized in 
the center of the ventral aspect of the portal vein. The current preserved an 
absolutely undeviated course throughout the length of the portal vein, and diffusion 
into other parts of the vessels did not occur. 

COMMENT 

We have found by the injection of trypan blue into tributaries 
of the portal vein of dogs that, with few exceptions, the dye is trans- 
ported in the portal blood stream to fairly constant and definite areas in 
the liver, and that the site varies according to the place at which the 
dj'e is introduced peripherally. In our experiments, we found that 
when tr}'pan blue was injected into the veins of the stomach and 
spleen it was convej'ed by the blood to the left half of the dog’s liver 
almost entirely. Dye injected into the veins of the upper part of the 
duodenum, the head of the pancreas and the jejunum was carried 
to the right lateral lobes almost exclusively. When the veins of the 
colon were injected, the dye was distributed to all parts of the liver, 
but more particularly to the large lobe of the left side. In those 
instances, in which the two colonic veins did not unite in a common 
mesenteric trunk but had a separate termination in the large mesenteric 
vein, it was found that injection of the right vessel resulted in a more 
liberal distribution of the dye in the right side of the liver. 

Trypan blue stains the parenchyma of the liver and the coloration 
remains for some time. Once the dye is carried to a particular regfion 
of the liver, the staining remains sharply circumscribed. The terminal 
character of the lobar divisions of the branches of the right and left 
portal vein and the absence of interlolxir and intralobar venous anas- 
tomoses are responsible for the absence of visible diffusion to other 
parts of the liver. The temporary staining of the liver does not 
signify that the blood which conveyed the dye has itself remained con- 
fined in a demarcated area of the liver for so long a period, as the 
dye is almost immediately recognizable in the systemic circulation after 
intraportal injection; furthermore, the volume of flow of portal blood 
through the liver is rapid; in the dog, 60 cc. of blood per hundred 
grams of liver in a minute. 
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Conclusions. 

In 1863, Hamilton ^ estimated the incidence of nonunion of fractures 
to be one in 500 cases. Scudder and Hey-Groves,® in 1927, placed it, 
. respectively, at from 2 to 3 and from 3 to 5 per cent. If it is true, but 
this is doubtful, that there is a larger percentage of delayed uhions and 
nonunion of fractures today than formerly, it may easily be accounted 
for by the greater traumatisms sustained today and by the more exacting 
standards under which the surgeon works, but whether it is true or not, 
the fact still remains that a better conception of all the vital processes 
concerned in bone repair will result in diminished morbidity. 

In this article are presented some salient facts relative to the cir- 
culation and its possible relation to the repair of a fracture. 

The repair of a fracture is by a group of interrelated processes by 
no means well understood. These processes are: (1) the establishment 
of the circulation in preparation for the definite construction of bone; 
(2) dissolution, partial or complete, of the old bone and the laying down 
of lime salts to form new bone, which, architecturally, is not the same 
as the old, and (3) rearrangement of the new bone to carry the par- 
ticular stress to which that section of bone is subjected.® Wiile these 
processes occur in the order given, they overlap so that two or even all 
may be going on at the same time. Throughout all processes of bone- 
repair, the circulation is of primal importance,, and by this is meant, not 
only the arterial circulation, but that of the veins and lymphatics, for 
without the elimination of the waste products, repair will be impossi c. 

1. Hamilton, F. H.; A Practical Treatise on Fractures and Dislocations. 

Philadelphia, Blanchard and Lea, 1863, p. 61. , 

2. Bancroft, F. W., and Scudder, C. L. : The Treatment of Fractures, c<t. • 

Philadelphia, W. B. Saunders Company, 1926, p. 949. , 91-177 

3. Koch, John C.: The Laws of Bone Architecture, Am. J. Anat. 

(March) 1917. 
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individual streams could remain separate. These anatomic advantages 
are probabl}' further aided by the known differences in the rate of 
flow in the veins, their relative tonicity and differences in viscosity of 
the blood they contain. 

SUMMARY AND CONCLUSIONS 

1. The distnbution of the portal blood in the liver of the dog was 
determined by the injection of a dye. 

2. Blood from the spleen, the stomach and a greater part of the 
colon goes to the left lobe of the liver; whereas blood from the duode- 
num, the head of the pancreas and the upper, part of the jejunum goes 
mainly to the right lobe of the liver. 

3. A satisfactory method of visualizing experimentally the indi- 
vidual currents of blood in the portal vein is presented. 

4. There are at least three distinct and separate currents in the 
portal vein. 

5. The anatom}' of the portal vein and the intrahepatic distribution 
of its blood in the dog were studied and the results have been presented. 
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EFFECT OF A FRACTURE ON THE ADJACENT ARTERIAL 

CIRCULATION 

It may be accepted as axiomatic that repair of a fracture depends on 
the establishment of adequate channels of blood circulation to the injured 
area. Kolodny has shown by injected specimens® that following a 
fracture there is increase in the diameter and in the tortuosity of all the 
arterial vessels in the section of the limb adjacent to the fracture. 

Coincident with the occurrence of a fracture of a long bone there 
is damage to the normal blood supply. The longitudinal vessels are tom 
or cut by the shearing action of fragments, and the periosteal vessels are 
tom where the periosteum is separated from the cortex of the bone by 
avulsion. Bleeding immediately occurs from the injured vessels. In 
due time, a clot is formed about the fragments ; lineal projections of this 
clot extend into the lumen of the arterial vessels until they reach the 
nearest patent collateral, and thus thrombi are formed in the vertical 
trabecular spaces of the bone for a varying distance below and above 
the actual line of fracture. 

The clot in the longitudinal bone channels, i.e., the thrombi and that 
between the fragments, must be spoken of separately. The former no 
doubt will resolve by the same processes as will a thrombus of soft 
parts, where granulation tissue gradually replaces the clot and develops 
terminally into fibrous tissue with obliteration of the vessel, waste 
products being carried off by the leukocytes in the venous or lymphatic 
stream.® With all the arterial longitudinal vessds crossing the site of 
the fracture blocked by thrombi and in progress of obliteration, any 
blood supply from them to the seat of fracture is impossible. The clot 
between the fragments, however, is gradually replaced by granulation 
tissue,^ which results in a close network of thin-walled vessels. These 
vessels become thicker by the growth of adventitial cells, some of the 
" connective tissue and others of the plasma cell group ; thus fibrous tissue 
develops progressively. Obviously, at this time there is little help in 
repair given by the arterial vessels of the cortex, which are plugged by 
thrombi. The granulation tissue starts from buds from functioning 
vessels. These may be from the medullary cavity, but they are mostly 
from the area surrounding the fracture, where the greatest activit}’, 


8. Kolodny, A.;- The Periosteal Blood Supply and Healing of Fractures, 
J. Bone & Joint Surg. 5:698 (Oct.) 1923. 

9. Keen, W. W., and DaCosta, J. C: Surgery, Its Principles 
Philadelphia, W. B. Saunders Company, 1920, vol. 1, p. 418; vol. 2, p. 104; toi. , 

. Ip 0 

10. Blaisdell and Cowan (footnote 6). Bancroft and Sender 0“ ’ 

p. 927). Eising, E. H.: Remarks of the Physiology of Bone in Relation t 

Diseases, Am. J. Surg. 3:368, 1927. 

11. Bancroft and Scudder (footnote 2, p. 927). 
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NORMAL BLOOD SUPPLY OF BONE 

The outer la 3 'ers of the long bones are nourished by. the periosteum ; 
the inner layer, by the medulla. Blood vessels run longitudinally 
through the bone in a series of canals called the haversian canals, around 
which the bony lamellae are grouped. Another series of vessels passes 
from the periosteum into the interior of the bone through minute orifices. 
The medullary or nutrient arteries enter the bone through the periosteum 
and, traversing the cortex at a sharp angle, enter the medullary cavity, 
the length of the artery in the cortex being relatively short. The 
epiphysis is supplied from vessels whicli anastomose around the joints 
from three sets of vessels: the diaphyseal, the metaphyseal and the 
epiphyseal; thus epiphyseal vessels communicate with those in the 
metaphysis,* and as the ramifications of the medullary or nutrient artery 
connect with the vessels in both the compact and the cancellous bone, 
anastomoses exist among all the arterial vessels in a bone. Johnson = 
maintains that the metaphyseal arteries are second in importance to the 
nutrient arteries in nourishing the medulla ; the inner half of the cortex 
receives its nutrition from the medulla, and the outer half of the cortex 
is nourished by the periosteal vessels. 

The periosteal blood vessels subdivide rapidly before entering the cortical bone. 
As the blood vessels enter the haversian and Volkmann’s canals, they are sur- 
rounded by delicate sheaths of areolar tissue; through continuity with the endos- 
teal arcade, this areolar tissue is attached to the wall of the canal, and this 
gives support to the more or less centrally located vessels.* 

The veins and lymphatics are probably no less important to the heal- 
ing of fractures than are the arteries. The veins emerge from the bone in 
three places: (a) one or two large veins accompany the medullary (or 
nutrient) artery; (6) numerous large and small veins emerge at the 
articular extremities, and (c) many small veins pass out from the com- 
pact substance.'^ Lymphatic vessels have been traced by Cruikshank 
into the substance of the bone, and Kldn describes them as running in 
the haversian canals." A point that one should keep in mind is that 
when bone is divided, its vessels do not contract into the canals in which 
they are contained.^ 

4. Boyd, W. M. : Surgical Anatomy, Philadelphia, W. B. Saunders Com- 
pany, 1925. 

5. Johnson, R. W., Jr.: A Physiological Study of the Blood Supply of the 
Diaphysis, J. Bone & Joint Surg. 9:153 (Jan.) 1927. 

6. Blaisdell, F. E., and Cowan, J. F.: Healing of Simple Fractures. Arch. 
Surg. 12:619 (March) 1926. 

7. Gray, Henry; and Lewis, W. H.: Anatomy of the Human Body, Phila- 
delphia, Lea & Febiger, ed. 21, 1924, p. 87. 
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Henderson and Brink « demonstrated this in 1908 bv carefully con- 
ducted physical experiments. While muscle changes its shape in con- 
tracting and expanding, it does not change its volume. Since muscle is a 
colloidal solution,, albeit retained in its form by its sheath or its other 
fibrous interstitial structures, it wll have the physical characteristics of 
a fluid. In the case of a fracture of a long bone, pressures are created 
against and in the muscle: (1) by displacement by hemorrhage, (2) by 
hemorrhage into its own interstitial structure from the trauma which 
caused the fracture and (3) by infiltration of inflammatory products 
around and into the muscle tissue. This increase in volume is apparent 
as swelling and is not in itself harmful or prejudicial to repair of a frac- 
ture; however, if such swelling is prevented, a series of maladjustments 
in pressures ensue which are deleterious not only to the circulation to the 
fracture, but to the muscle tissue itself. As an example of the latter, 
ischemic paralysis may be mentioned. In this article, only the effects ot 
pressure on the circulation of the fracture are considered. It has been 
shown how pressure in and about muscles is created ; this pressure may 
be resisted by heavy layers of fascia and by tightly applied splints, 
bandages, adhesive plaster or casts. If resistance to expansion (swelling) 
occurs, its effect will be to diminish or occlude the lumen of the arterial 
blood vessels and thus prevent an adequate supply of blood from reach- 
ing the interior of the callus. I believe that, regardless of the exact 
manner in which mineral salts are laid down, they are carried by the 
arterial system to the region in process of repair. If this belief is cor- 
rect, interference with an adequate supply of blood must have a dele- 
terious effect. It will be shown subsequently that granulation tissue is 
converted into fibrous tissue, which, by its inherent power of contraction, 
eliminates the very vessels by which it was formed. If, however, suffi- 
cient bone tissue has been laid down while the new vessels were still 
patent, they will make a more or less permanent connection with the 
general circulation and persist through the period of their need. Hence 
the great importance of an effort to prevent considerable hemorrhage 
and inflammatory reaction even during the early days of a fracture is 
evident, or if this should occur, the immediate provision for the addi- 
tional expansion by a readjustment of any circumferential dressing 
whether it is a bandage, cast or adhesive plaster. 

While a generalized pressure of surrounding tissues may occlude the 
arterial part of the circulation to a fracture, it has the opposite effect on 
the veins and incidently also on the lymphatics. These vessels are pro- 
A’ided with valves which, not allowing a backward flow, cause the t n ^ 
contained fluid (blood or lymph) under pressure to move in only one 

14. Henderson, L. J., and Brink, F. N.: The Compressibilities of Gelatine 
and Solutions of Muscle, Am. J. Phj'siol. 21:248 (Feb.) 1908. 
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the most active circulation and the greater area exist. At about this 
stage, then, the clot is reduced in volume and is undergoing organiza- 
tion. It consists essentially of a moist, gluey weld of extraordinary 
abhesiveness. The new growth of vessels is horizontally^® inward and 
no doubt horizontally outward from the medulla, providing, of course, in 
the case of the latter, that the injury has not entailed the destruction of 
the blood supply of the medullary cavity. Kolodny believes that “the 
endosteum is not able to participate in the callus formation until the 
intraossol blood circulation recovers by formation of an anastomosis 
between the central portion of the nutrient artery and the metaphyseal 
blood vessels.” ® 

EFFECT OF CUTTING THE VEINS AND LYMPHATICS AT THE 

SITE OF FRACTURE 

The same shearing force that cut the arteries also must cut the veins 
and l3miphatics, and as reposition of the fragments is practically never 
so accurately made as to bring the cut ends of the vessels into venous 
alinement, the flow of venous blood and lymph will not be reestablished 
across the fracture in the vessels except by the probable development of 
new vessels; however, this will not interrupt the carrying capacity of 
the veins and lymphatics, as will appear. While the cut arterial vessels 
are thrombosed to their nearest functioning collateral, the veins seldom 
are. The venous circulation has for its motivation : (a) the propulsive 
power of the heart, (b) the compressive effect of muscle action and (c) 
the suction from the thorax and the heart itself.^® The propulsive 
power of the heart on the venous column, slight in any case, is of course 
nonoperative in the cut vessels, but the suction from the tliorax and 
heart and the presure of surrounding parts are still present. The valves 
in the veins and lymphatics prevent any flow of venous blood or lymph 
in any direction except toward the heart. Smaller veins (of less than 
half an inch, such as lie in bone) do not have valves.^ 

INCOMPRESSIBILITY OF MUSCLE TISSUE AND THE PROBABLE 
EFFECT OF THIS ON THE CIRCULATION OF 
BLOOD TO A FRACTURE AREA 

There can be no doubt concerning the relative incompressibility of 
muscle tissue. Only by great pressures (those tremendously in excess of 
any existent in the body) can any compressibility be demonstrated. 

12. Wieder, Henry S. : Regeneration of Bone, Univ. Penn. M. Bull., 1907, 
p. 33. 

13. Tigerstedt, R. : A Testbook of Physiology, ed. 3, Xew York, D. Appleton 
& Co., 1906, p. 19. Starling, E. H.: Principles of Human Physiology, ed. 4, 
Philadelphia, Lea & Febiger, 15126, p. 872. 
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THE LAYING DOWN OF LIME SALTS 

The deposition of mineral salts to form hard bone involves a different 
group of phenomena from those under consideration in this article. 
The theory that the osteoclasts and osteoblasts have the particular prop- 
erty of tearing down and building up bone does not have the unimsal 
r^ognition today that it did ten years ago,” although many writers 
still accept it. It has been shown that the formation of new blood vessels 
is mostly horizontal, and that the new trabeculae are arranged in the same 
direction. Ely “ and later Blaisdell and Cowan ® found, in their experi- 
ments on animals, that new bone was first laid down in the angle formed 
by the bone and the raised periosteum. This is the place where one 
would expect that anastomosis would first take place between the 
periosteal drculation and that in the cortex of. the bone. It is also the 
place where the effect of motion between the fragments would be 
minimized as being farthest from the place of shearing action. 

DEVELOPMENT OF FIBROUS TISSUE 

The result of the failure of bony union, with all it implies concerning 
the impossibility of reconstruction of the architecture of the normal 
bone, is a fibrous union between the fragments. The fact has been men- 
tioned that granulation tissue replaces the blood clot following a fracture. 
Granulation tissue develops ordinarily into fibrous or scar tissue. In a 
small wound, this development will take place quickly and almost at the 
same time throughout the small area ; but in a large wound, the process 
will be progressive and farthest advanced at the place where the granu- 
lation tissue started to bud or form. In the case of most large wounds, 
this will be at the periphery so that the progressive healing is from 
without inward, or as J. Renfrew White put it, centripetally. In the 
case of a fracture, there are two bases from which the granulation tissue 
may start to form ; these are the outer periphery of the clot, with which 
the periosteum is usually associated, and the medullary region, providing, 
in the case of the latter that the blood supply to this region has not been 
stopped. With a proper clot and no interruption to its vascularization 
and the laying down of mineral salts, bone healing will be carried out. 
When interruption of the continuity of the vessd system takes place, 

17. Eising (footnote 10, third reference). Arey, L. B.: ^ The Orip'n, 

and Fate of Osteoclasts and Their Relation to Bone Absorption, Am. J. • 

315, 1919-1920. Watt, J. C. : Deposition of Caldum Salts in Areas p* “ ' 

tion. Arch. Surg. 10:990 (May) 1925. Bancroft, F. W.: Bone Repair FollowinR 
Injury and Infection, Ardi. Surg. 5:646 (Nov.) 1922. i, c .rir 

18. Ely, L. W. : Experimental Study of the Healing of Fractures, rc . 

5:527 (Nov.) 1922. , » 

19. White, J. R.: Chronic Traumatic Osteomyelitis, New lor , 

*Hoeber, 1919, p. 28. 
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direction ; this, of course, is toward the heart and away from Ihe frac- 
ture. It may also be remembered that the venous and the lymph .streams 
are subject to a suction action by the thorax and heart. It would seem 
not unreasonable to presume that these factors acting together might 
create a negative pressure in the venou.s lymphatic channels in the bone, 
sufficient to carry off waste products, even if of little magnitude, '.riiere 
is plenty of evidence that in the tearing down process of the old bone, 
the products are carried away by the old vessels, that is, those running 
in a vertical direction. As evidence of this, there are the clear vertical 
spaces (erosion) shown in the old bone; one sees this in the cuts of 
sagittal sections of repairing bone, and it has been shown iwrlicularly in 
many articles on the subject of bone repair, for example, by Johnson,** 
by Todd and lief,’** by Wieder'® and by others. The ebiirnation so 
regularl3<' (though not invariably) seen in cases of nonunion would 
seem to be a point in favor of believing that in these cases resorption of 
bone salts and other substances is through the veins and lymphatics. 


RELATION OF NEW BONE TRABECULAE TO BLOOD VK.SSI5LS 

The arrangement of the new trabeculae at the zone of fracture is at 
right angles to the cortex rather than parallel to it as in normal bone. 
This is presumably due to the fact that, in general, the new blood vessels 
growing into the original granulation tissue were derived from the sur- 
rounding soft tissues outside the bone and from the mcdiillnry cavity. 
The realinement of the vessels of the cortex is not complete for a year 
or more after the injury.® Delaheld and Prudden, si^caking of the ossi- 
fication of osteophytes, said: 


The blood vessels from which the pathological bone tIcvcloi)s grow out of old 
vessels, and as in the formation of granulation tissue, arc irregularly arranged 
and arc subject to a variety of nutritive conditions, so that new hone h usually 
formed, not in a scries of definite lamellae but in a scries of irregular spicules or 
masses,” 


Blaisdcli and Cowan” have slated : "The manner of bratiching and 
the ix)sition of the blood vessels determine the form, jjosition and tnan- 
ncr of continuity of the early trabeculae." The progressive change in 
the direction of the trabeculae from ihe horizontal to the vertical is 
probably due to gradual changes in the anaslf>molic formation of the 
blood vessels f particularly of the arteries; by virtue of which they flhe 
trabeculae; lend to conform to the direction of the vessels of the bone 
as a whole. 


IS. Todd, T. W„ and Her, 1). II.: The I'licnomena of fyirly .Stage, of ISorie 
rtepair, Ann. Surg. 86:71.5, 1027. , , , , , , 
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exigencies of the process. Repeated injury to this delicate anastomotic 
network through motion of the fragments makes necessary repair by the 
formation of new vessels; this involves retardation in the interior of 
the callus while at the periphery granulation tissue is progressing to 
fibrous tissue; the latter contracts in due time and thus reduces the flow 
of blood to the interior of the callus. As a result, there is delayed or 
fibrous union. 

Since muscle tissue is incompressible (by ordinary pressures), the 
addition of the volume of the hemorrhage and inflammatory exudate 
may reduce the lumen of the arterial supply either directly or indirectly 
by the transmissiori of pressures throughout adjacent muscles in accord 
with well known laws of hydraulics.*® This is particularly likely to 
occur in the presence of resistance to expansion or swelling from fascial 
planes and circular bandages or casts. 

The circulation through the veins and the lymphatics is of equal 
importance to that in the arterial system, because through their medium 
the old structure is torn down or resorbed, thus permitting the growth of 
new vessels to form and establish anastomoses which are essential to 
bone repair. Interruption to the flow of venous blood and lymphatic 
fluid by the same pressure that may retard the arterial supply does 
not occur because a generalized pressure on the veins and lymphatics 
forces their contained fluid toward the heart. 

CONCLUSIONS 

Whether or not there are any systemic causes for delayed union and 
nonunion of fractures, there would seem to be ample reason to believe 
that the consistent use of methods of treatment of fractures that require 
(1) good apposition, (2) adequate provision for expansion of surround- 
ing structures and (3) freedom from any shearing or hinge motion 
between- the fragments will be rewarded by a much lessened morbidity 
percentage. Good apposition is, of course, routine and needs no wonl 
of defense. Ample provision for expansion is not always provided in 
the cast, splint or other device used. Too much emphasis cannot he laid 
on the importance of splitting or bivalving the cast or in maintaining a 
constant watchfulness over circumferential bandages that they may never 
l>e too tight. A bandage may be correct at the time of its applicatwn, 
but over night, from the restlessness of the patient or from his having 
had the injured part in a dependent position, the limb may have swo en 
until the bandages are tight. 

Much can be done at the first dressing to prevent excessive 
rhage and inflammatory reaction. Usually at this time one is ca 

20. King, H. W., and Wisler, C. O.: Hydraulics, New York, John Wilcj & 
Sons, 1922, p. 7. 
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however, the iiornial bone repair mil be interrupted or fail completely, 
and the characteristic fibrous union will occur. It has been said that the 
granulation tissue leading to vascularization starts on the periphery of 
the clot and possibly in the medullary cavity. From these places it is 
progressively inward and outward. The horizontal series of new arterial 
vessels may have its continuity interrupted by cutting from the shearing 
action of the two fragments if moved, and in practice this is done by too 
frequent or not sufficiently gentle, firm handling in dressing, or it 
may occur from lack of proper support by the splint, the adjustment of 
which may permit hingelike motion between the fragments. I cannot 
see any reason for the belief held by some that “a little motion is good 
for a fracture” ; by this is not meant the gentle contractions of muscle, 
as, for instance, the motion by the fingers in a forearm fracture, the effect 
of which is to accelerate the supply of blood to the fracture and to facili- 
tate the elimination of waste by the veins and lymphatics. 

If the continuity of the vessels is broken, it will not stop the normal 
histologic progress of granulation into fibrous or bone tissue at the 
periphery of the healing area, but only in the newly injured area between 
the fragments; therefore, the development of granulation into fibrous 
and perhaps even bone tissue will continue here (at the periphery), while 
the central area must have its vessel system repaired before it can again 
take part in the normal process of repair, namely, vessel formation, 
laying down of lime salts, etc. The inevitable tendency of granulation 
tissue is to form fibrous tissue, which contracts and deprives this central 
area of its blood supply; without this, it cannot make the necessary 
repair of its continuity. No doubt, occasional damage to the new ves- 
sels between the fragments is repaired without prejudice to the final 
result, but if such damage is repeated too often, it may result in depri- 
vation of blood supply to this area through the gradual occlusion of the 
peripheral vessels of the callus by the formation of fibrous tissue. 

SUMMARY 

The deposition of lime salts incident to the repair of a fracture is 
dependent on an adequate circulation in the callus. 

Following a fracture, a new set of arterial vessels transverse to the 
long axis of the (long) bone is developed. These vessels arise by a 
process of budding, starting, for the most part, at the periphery of the 
injured area; it must be admitted, however, that in the absence of 
obstruction to the medullary vessels, sudi budding may also arise from 
them. An anastomotic arterial system is thus established, and through 
its medium the trabeculae are laid down, at first transverse to the long 
axis of the (long) bone but later obliquely and eventually vertically, as 
is normal, this being brought about by the ever changing anastomoses of 
the vessels. The lime salts are removed and replaced according to the 
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In both the patient and the experimental animal, strangulating types 
of obstruction are the most serious. In addition to the occlusion of the 
bowel in strangulation obstruction a segment of intestine is deprived of 
its blood supply. The poorer prognosis and quicker, fatal issue in such 
instances are due to the injury of the strangulated loop. 

A study of strangulation obstruction, therefore, resolves itself into 
an inquiry into the autolysis of injured segments of intestine. It has 
been demonstrated in another study ^ that segments of intestine deprived 
of their blood supply undergo a rapid autolysis, with the liberation of 
toxic substances. In a few dogs in which strangulation obstructions had 
been established and the strangulating mechanism released a few hours 
later, death occurred, apparently caused by the absorption of toxic 
bodies from the strangulated segment. Autolysis of the segment to 
which the blood supply had been interrupted, rather than absorption from 
the lumen of such a segment, appeared to be responsible for the fall in 
blood pressure and the lethal issue observed in such animals on releasing 
the constriction of the strangulated s^ment. 

In this investigation, comparisons have been made of the toxicity of 
various tissues when deprived of their blood supply. A study of the 
nonprotein nitrogen of the blood and urine has also been made in a 
number of these animals to note whether the autolysis of devitalized 
tissue would provoke the same alterations in the chemistry of the blood 
and urine as are observed in simple occlusion of the upper part of the 
intestine. An effort has also been made to ascertain whether the sub- 
cutaneous administration of sodium chloride to animals in the peritonea^ 
cavities of which tissues were allowed to autolyze afforded the animal am 
protection. 


. *From the Department of Surgery of the University of Minnesota. 

* Presented before the Minnesota Pathological Society, April 19, 19-7. ^ ^ 
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with the break before the muscles have become spastic; there is only 
moderate swelling, and replacement of the fragments may be possible. 
The part should be placed in the position of election. Thus a fracture 
of the elbow if seen shortly after its occurrence may be placed in acute 
flexion with little danger of excessive swelling subsequently, and in 
fractures of the lower leg, the foot may be turned in. It is unneces- 
sary and contributory to excessive swelling for one to endeavor to make 
an exact diagnosis by manipulation; roen^en-ray examination should 
follow the first dressing as soon as possible and readjustment of any 
deformity shown may then be made as soon as convenient, after which 
the roentgen ray should be employed to verify the position of fragments. 

The fracture appliance, of whatever type, should not permit of any 
motion of the bone at the site of the fracture. The old rule to splint the 
proximal and distal joints is a good one. 

Fractures should not be dressed frequently, unless the cause is 
imperative, and in dressing should be handled firmly and gently so that 
there is no motion between the fragments. 

Open operations should be so planned and conducted as to minimize 
the damage to the surrounding circulation. The use of a tourniquet is 
not advisable, since with it, one is not cognizant of the amount of damage 
being inflicted on the circulation. Fibrous tissue about the fragments 
should be removed and likewise ebumated bone which is too compact to 
permit formation of new vessels with the consequent anastomotic 
phenomena so important in repair of fractures. 
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weight being 63,5 Gm. The average weight of the dogs into the peri- 

37 pounds 

(16.8 Kg.). The dog that recovered weighed 25 pounds (11.3 Ke ^ and 
the segment of intestine, 52 Gm. ^ 

The four dogs into the peritoneal cavities of which pieces of liver 
were placed died. In one animal, the small lobe of the liver near the 
gallbladder was detached and dropped into the peritoneal cavitj'; at 
autopsy, there was no indication that bleeding had occurred from the 
liver. In the other animals, the pieces of liver used were obtained under 
sterile precautions from normal dogs killed during the course of another 
experiment. Three of these dogs weighed 35 pounds (15.9 Kg.) and 
the other 25 pounds. The weight of the segments of liver used aver- 
aged 56 Gm. One animal into the peritoneal cavity of which 35 Gm. 
of liver was placed, lived five days. The other three animals survived 
a little less than twenty-four hours. Three of the four dogs were given 
saline solution subcutaneously. 

Of twelve dogs in which tlie animal’s own spleen was detached from 
its source of blood supply and dropped into the peritoneal cavity, eight 
died and four recovered. The weights were not obtained in some of 
these animals, but there did not appear to be any uniformity between the 
size of the spleen, the weight of the dog and recovery. One animal 
weighing 26 pounds (11.8 Kg.) recovered following detachment of a 
spleen that weighed 82 Gm. Another dog that weighed 21 pounds 
(9.5 Kg.) died two days following the detachment of its spleen, the 
weight of which was only 22 Gm. Six dogs were given salt solution 
subcutaneously. One dog was given water subcutaneously. Post- 
operative treatment was not given to the remaining five animals. Of 
the four dogs that recovered, all were given saline subcutaneously. The 
average length of survival following the operative procedure on the other 
dogs was three and a half days. 

A kidney removed from other healthy dogs was placed in the peri- 
toneal cavity of two dogs, each weighing 25 pounds. The weights 
of the kidneys used were 34 and 29 Gm., respectively. One of these 
dogs died eighteen days later from a suppurating abdominal wound, 
the other dog made a permanent recovery. Two kidneys were placed in 
the peritoneal cavity of a third dog. The combined weight of the two 
kidneys was 60 Gm. This dog also survived the procedure. The emplq>' 
ment of tissue obtained from another animal did not seem to be o an) 
special handicap in recovery. 

In order to establish better quantitative comparisons of the toxici > 
of various tissues in the process of autolysis, pieces of "*^*^ *” 
from 30 to 60 Gm. were removed under sterile precautions from ' 
dogs killed with ether. The pieces were placed in 
wide mouths containing about an equal weight of physiologic s 
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METHOD 

All surgical procedures were performed under ether anesthesia and aseptic 
technic. Blood was obtained from the jugular vein or the vein on the outer 
aspect of the hind leg of the dog. The blood urea was determined according to 
the method of Van Slyke and Cullen* and the blood chlorides after the method 
described by Gettler.’ A number of the animals were kept in metabolism cages. 
The urine was collected and the nonprotein nitrogen determined by the micro- 
Kjeldahl method of Folin and Denis.* When sodium chloride was given, it was 
administered subcutaneously with a 50 cc. syringe ; 400 cc. of a 2 per cent sodium 
chloride solution being given once daily. Segments of small intestine about a foot 
or a little more in length, weighing from 46 to 75 Gm., were removed from one 
dog and placed in the peritoneal cavity of another. In four instances, the loop 
was irrigated successively with water, alcohol, ether and water, until the contents 
were returned clear. About 2 liters of fluid were used in the irrigation of each 
loop. A large needle was inserted in one end, and the other end was left open. 
Irrigation was performed with a 50 cc. syringe. A few inches of both ends of the 
segment of intestine, where the irrigation was less effective, were cut off before 
the remainder of the segment was deposited in the peritoneal cavity of the other 
dog. In the other eight instances, following this irrigation, the bowel was slit 
on its aiitimesenteric border and the mucous surface painted with phenol in 
certain areas in order to destroy the mucous membrane. The destroyed mucosa 
was then scraped off with a knife. In a few instances, a major part of the 
mucosa was stripped off in this manner leaving only islands here and there. 

The spleen was detached from its blood supply and dropped into the free 
peritoneal cavity in a number of animals. The same procedure was carried out 
with pieces of liver. The pancreas excised from other dogs was placed in the 
peritoneal cavity in two animals, and in a few animals kidneys excised from other 
dogs were used in the same way. 

The twelve dogs from which segments of intestine were removed 
recovered following the establishment of the continuity of the intestinal 
tract by lateral anastomosis. Death occurred in eleven of the t^velve 
animals into the peritoneal cavities of which the twelve segments of 
intestine were deposited. One dog recovered; in this animal, a good 
portion of the mucosa had been removed. Another animal lived seven 
days. Five dogs survived the procedure two days. The others died on 
the day following operation. One of the latter died in convulsions, a 
mode of death not uncommon in the rats injected intraperitoncally with 
the intestinal contents of either a dog or a rabbit. Two of the dogs that 
were given salt solution subcutaneously died the day following the 
placing of the intestinal loop into their peritoneal cavities. The heaviest 
segment of intestine weighed 75 Gm., the lightest Gm.. the average 

2. Van SlyLe, D. D., and Cullen, G. E.: A Permanent Preparation of Urease 
and Its Use for Rapid and Accurate Determination of Urea, J. A. M. A. 62:1558 
(May) 1914. 

3. Gettler, A. O. : A Method for the Determination of Death by Drowning. 
J. A. M. A. 77:1650 (Nov.) 1921. 

4. Folin, O., and Denis, W.: Nitrogen Determinations by Direct Nesslcrira- 
tion; I. Total Nitrogen in Urine. J. Biol. Oiem. 25:473. 1916. 
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placed in the peritoneal cavity. In the body cavity the rate of autohsis 
would be somewhat increased because of the simultaneous action of 
tissue in aiding the disintegration of the dead tissue. Table 1 shows the 
results of such injections, the results checking closely with those obtained 
previously when the same tissues were placed in the peritoneal cavity. 

COMMENT 

When the loops of the bowel removed from one dog and made 
bacteria-free by mechanical cleansing and irrigation with antiseptic solu- 
tions are placed in the peritoneal cavity of another animal, death quickly 
supervenes as a consequence of autolysis of the segment of intestine 
deprived of its blood supply. Such segments of bowel, averaging 
63.5 Gm. in weight, were placed in the peritoneal cavities of twelve dpgs. 
Only one recovered ; in this animal, a considerable portion of the mucosa 
had been scraped off. In two animals, a portion of the mucosa was 
removed from the segment of bowel, and each of the dogs into the peri- 
toneal cavities of which the prepared segments of bowel were placed 
was given 400 cc. of a 2 per cent sodium chloride solution subcutane- 
ously. Both dogs died the next day. 

Four dogs died after pieces of liver averaging 56 Gm. were placed 
in the peritoneal cavities. A salt solution was given subcutaneously to 
three of these animals, but without avail. 

Kidney tissue removed from other dogs was placed in the peritoneal 
cavity of three dogs. One death occurred eighteen days later from a 
suppurating abdominal wound ; the other two animals recovered. Saline 
solution was not given to any of these animals. 

Death occurred in eight of the twelve dogs in which the spleen was 
detached from its source of blood supply and dropped into the peritoneal 
cavity. Six of the twelve dogs were given salt solution subcutaneously ; 
the four dogs that recovered belonged to this group. The five dogs to 
which salt solution was not given subcutaneously died, as did the animal 
given water subcutaneously. 

The postmortem pictures of the animals that died following deposition 
of segments of intestine and pieces of spleen of liver in their 
peritoneal cavities were much the same. Three or four hun- 
dred cubic centimeters of a brownish or serosanguineous 
was usually present, and the peritoneal surfaces were reddend. 
The tissue placed in the peritoneal cavity could frequently not e 
identified other than as a friable, mushy mass. \Vhen the anima 
died the day after the operative procedure, or on’ the following day, w 
tissue was often spongy and contained gas. A fibrinous-like exu a c 
was found uniformly about the tissue introduced. Cultures were ma c i 
several instances. In a number of these cultures B. coli were grow 
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chloride, and the bottles were then placed in the incubator. At ^venty- 
four, forty-eight, seventy-two and ninety-six hours following the incu- 
bation, a few cubic centimeters of fluid was aspirated from the bottles 
and injected intraperitoneally into rats. A sufficiently large number of 


Table 1. — Results of Injection of Atitolysed Tissue After Sterilisation 


Tissue 

Amount 
Hours Injected, 
Incubated Cc. 

Besult 

Bemarks 

Kidney 

a 

18 

Becovery 

Mildly in 


48 

12 


Died 2 days later 


48 

10 

Becovery 

Palrly ill 


72 

6 

Becovery 

Stuporous, but recovered 


96 

10 

Ued 

Mildly ill after injection: died 2 days later 


4 months 4 

Died 

Convulsions 10 minutes alter injection 

Spieen 

21 

16 

Becovery 

Mildly iU 


48 

12 

Becovery 

Mildly ill 


48 

10 

Becovery 

Mildly iU 


72 

6 

Becovery 

Stuporous, but recovered 


98 

10 

Died 

In eonvidsions 5 minutes after injection; 


4 months 4 

Died 

convulsive selsures for 45 minutes; died 
next day 

Very ill; died during night 

Liver 

24 

16 

Died 

Moderatdy ill; died during night 


48 

12 

Died 

Moderately ill; died during night 


48 

10 

Becovery 

Palrly iU 


72 

6 

Died 

Stuporous: found dead In a.m. 


98 

10 

Died 

Not as ill as other animals injected with 


4 months 4 

Died 

4 day tissue culture; died 2 days later 
Stuporous; died 12 minutes later 

Pancreas 

21 

16 

Died 

Dead 20 minutes alter injection 


48 

12 

Died 

Died during night 


48 

10 

Died 

Died during night 


72 

4 

Becovery 

Stuporous foUoidng injection 


96 

10 

Died 

Moderately iU alter injection; died 2 days 
later 

Convulsions; dead In 5 minutes 


4 months 4 

Died 

Duodenum 

21 

17 

Died 

Dead 30 minutes alter injection 


48 

12 

Died 

Died during night 


48 

10 

Died 

Died during night 

In convulsions 8 minutes alter injection; 


72 

6 

Died 


96 

10 

Died 

dead 2 minutes later 

Convulsive seizures; dead a feir minutes 


4 months 4 

Died 

after injection 

Very ill; dead in 30 minutes 

Jejunum 

21 

16 

Died 

Dead 7 minutes after injection 

48 

12 

Hied 

Very 111: died a fetr hours niter injection 


48 

10 

Died 

Very ill; died a ferr hours alter injection 


72 

s 

IBed 

Stuporous; died during night 


96 

10 

Died 

Convulsive selsures; dead 10 minutes after 
injection 

Convulsions; died in 10 minutes 


4 months 4 

Died 

Stomach 

» 

18 

Died 

Dead 7 minutes after injection 


48 

12 

Died 

Very ill: dead n leg hours after injection 


48 

10 

Died 

Very ill; dead a few hours after injection 


72 

6 

Becovery 

Stuporous, but recovered 


96 

10 

Died 

Convulsive seizures; dead 4 minutes after 
Injection 

Very III; died In 20 minutes 


4 months 4 

Died 

Muscle 

21 

16 

Becovery 

Mildly 111 


48 

12 

Died 

Died during night 


48 

10 

Died 

Died during night 


72 

5 

Becovery 

Stuporous, but recovered . , 

Lctnarslc nod stuporous; died during niglit 


96 

10 

Died 


4 months 4 

Died 

Convulsions; dead in 12 minutes 


bottles were prepared so that each day's injection was made from a 
separate bottle. Injections of tissues autolyzed in this manner were 
made with liver, spleen, pancreas, muscle, kidney, stomach and intestine. 

In the incubator, tissues would undergo about the same qualitative 
process of autolysis as the same tissue deprived of its blood supply when 
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Table 2.— Toxicity of Various Tissues in Process of Aittolysis 


Dog 

66 


Naturo ot Procedure 

Splem dctoched from blood supply 
10/4/20; so saline 


Sog died 10/0/20 

69 Splc(m detacbod from blood supply 
lOlJZIWi 400 cc. ^ sodium 
cblorido given onoc dally 


Saline discontinued 


Dog veil 

118 62 Gm. of intestine put into the 

Weight, peritoneal cavity 2/1/27; no saline 
26 pounds 
(11.8 Xg.) 


Dog TDcovered 

121 a*wo kidneys (00 Qm.) put Into tiie 
Weight, peritoneal eavity 2/10/27; no 
80 pounds saline 
(18.0 Kg.) 


Dog veil 

117 16 Inch dosed loop obstruction; 

Weight, continuity locstablisbed by lateral 

86 pounds and anastomosis 2/0/27; no 
(16.0 Eg.) saline 


Day 

Alter 

Opera- 

tion 

0 

1 

2 

8 

4 

6 

0 

1 

2 

3 

4 
6 
0 

7 

8 
0 

10 

11 

0 

1 

2 

8 

4 

6 

0 

7 

8 
9 

0 
1 
2 
8 
4 
6 
0 

7 

8 
0 

0 
1 
2 
8 


Mg.S^?S><ks. 


Urea Gl]lorid(s Amount 


IGAO 

14 

14.51 

10.20 


28.03 

16.80 
16.40 
12.00 
18.00 
17.78 
U.20 
14 


15.80 
18.00 
14.03 
14.47 

18.00 

10.80 
15A8 
10.80 

17.20 
16.80 
1&80 
lOAO 
16X7 
17.02 

10X0 

15.80 

14.78 

11.20 
21.20 
18X0 
10.63 
14.78 
17.83 
16.24 

0 

18.00 

16X0 

23.08 


480 

830 

410 

430 

400 


480 

460 

480 

680 

400 

430 

400 

610 

630 

510 

300 

810 

400 

380 

400 

400 

480 

880 

800 

300 

410 

880 

400 

400 


440 

410 

800 

420 

880 

480 

420 

400 

400 

800 


660 

1A70 

1,000 

1,000 

1,070 

1,810 

1,230 

700 

460 

120 

876 

1X20 

1,660 

1,100 

000 

700 

620 

680 

340 

lOO 

1,060. 

2X60 

1,000 


a6.0 Eg.) saline 8 23.08 800 1,000 

Dog died 2/12/27; loop markedly gangrenous; pcrforatlona on antimcscntoric border; 
uuid in peritoneal eavity ond in tlie dosed loop 


120 16 Indi dosed loop obstruction; con- 

Weight, tinuity roestablishedi by latm-al 

85 pounds anastomosis 2/14/27; 400 cc. 2% 

(16.0 Kg.) sodium chloride once daily, dis- 
continued on 2/17/27 


0 

1 

2 

8 

4 

6 

0 

7 


14.70 

12.00 

1&80 

10X8 

14.47 

16.40 

13.62 

20.63 


430 

410 

420 

800 

040 

400 

450 

440 

410 


110 

2X00 

4,700 

1,000 

476 

600 

810 

870 

200 


4.67 
6X6 
7X0 
0.40 

4.68 
5X0 
6.00 
8X0 
2.48 

1.14 

2X3 

7X8 

6.81 

0.84 

6.70 

683 

4X3 

8X8 

2.30 

1X3 

4.77 

601 

600 

bloody 

1.03 
4X0 
60S 
636 
4.41 
4.01 
8X7 
600 
2X7 


8 24.20 410 aw 

Dog moribund; killed 2/23/27; pcrlorotlons and extensive gangrene of closed loop 

* echo dogs wore allowed to drink water. They were starved for one doy before being 
placed in metabolism cage and were not given food while in tbo cage. 


"short circuiting" method for treating subjects with chronic intestinal obstrti^ 
tion. I^perimental as well as clinical evidence has shown it ® 
decidedly unsafe. Perforations have been known to occur years after tt^iPs 
in the ends of such a loop. (Barraez, R.; Experimcnteller Beitrag 
der Totalen Ausschaltung mit totalcra vcrschlusz dcr ausgcschaltcten ^ ar 
schlinger zugleeich Beitrag zur axialcn Darmvereinigung, Arch. f. Wm- C ' 
120, 1899. ICammerer, F.: Bilateral Exclusion and Occlusion of ’ 

Ann Surg. 61:497, 1915. Wicsingcr; Zur Darmausschaltung, Dcutsclic At 

f. Chir. 100:1267, 1909.) 
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but with no greater regukrity from the peritoneal cavity of the dogs 
in which intestinal segments had been placed than when liver or spleen 
was used. 

In these experiments on the autolysis of \-arious tissues in the peri- 
toneal cavity, the liver and the intestine seemed to be the most toxic. 
Kidney tissue appeared relatively nontoxic. The disintegrating splenic 
tissue seemed intermediate in toxicity. The outcome in the dog in which 
the spleen was allowed to autolyze appeared to be affected favorably by 
the subcutaneous administration of salt solution. In the instances in 
which the liver and the intestine were placed in the peritoneal cavity, 
saline did not appear to have any value. It must be pointed out, however, 
that dogs with segments of intestine or liver in their peritoneal cavities 
lived only about a day, whereas the animals in which the spleens had 
been detached from the source of blood supply and which did not receive 
saline survived for more than three days. 

When the autolysis was carried on in vitro in the incubator at 37 C. 
and the autolyzed tissue injected into the peritoneal cavities of rats at 
varying intervals, results of the same nature were obtained. The kidney 
and splenic tissues were definitely the least toxic. Bowel tissue, pancreas 
and liver appeared to be most toxic. The latter tissues seemed to disin- 
tegrate into toxic bodies more quickly than kidne}' and splenic tissue. 
After four days of -incubation, the intraperitoneal injection of splenic 
tissue into a rat elicited marked symptoms. - After four months’ incuba- 
tion, marked symptoms were elicited in all instances on injection. The 
injected substances appeared about equally toxic. Therefore, there would 
appear to be a qualitative difference in the toxicity of disintegrating 
tissues early in the process as well as a difference in the rapidity of 
autolysis. 

Chemical studies of the urine of dogs in the peritoneal cavities of 
which tissues deprived of their blood supply were allowed to disintegrate 
showed a markedly increased excretion of nitrogen as was observed in 
the animals with simple occlusion of the intestine. The marked increase 
of blood urea nitrogen noted in animals with high intestinal obstruction 
was not observed in these ; only slight increases in the nonprotein blood 
nitrogen were usually obtained. 

Studies of the blood and urine nitrogen were also made in four dogs 
with irrigated obstructions of the closed loop in which the continuity of 
the intestinal tract had been reestablished by lateral anastomosis. These 
animals died from gangrene and perforation of the closed loop.® In three 

S. Sixteen of twentj’-fivc dogs with irrigated closed loops on whom Dragstedt 
and his co-workers experimented lived for some time. Possibly, a longer loop 
would diminish the danger of gangrene and perforation. .At one time it was 
thought that this was a safe way to dispose of segments of intestine in the 
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Duval and Grigault,“ studying the disintegration of protein in 
traumatic shock, observed a moderate increase in the nonprotein blood 
mteogen of patients in a state of shock. Aub and Wu obtained only 
slight increases in the nonprotein nitrogen of the blood in animals suffer- 
ing from true shock after marked muscle trauma. Hashimoto “ obtained 
moderate increases in the nonprotein nitrogen of the blood in which 
histamine intoxiration followed repeated subcutaneous administration of 
histamine. Whipple and his co-workers noted the increased urinary 
excretion of nitrogen following proteose intoxication. 

In these experiments when disintegration of the tissue occurred 
following autolysis of tissue in vivo, a marked increase in the excretion 
of nitrogen in the urine was observed, with only a slight increase of the 
nonprotein nitrogen of the blood. The low values for blood chlorides 
noted in dogs with simple obstruction of the upper part of tlie intestine 
were not obtained in these animals. The increased urinary excretion of 
nitrogen is due probably only in a small part to the actual disintegration 
of the autolyzed tissue ; the destruction of the devitalized tissue in all 
likelihood precipitates the breakdown of other body protein. 

In this connection, it is interesting to speculate as to the cause of the 
marked increase in the blood nonprotein nitrogen observed in animals 
with simple occlusion of tlie upper part of the intestine. There is no 
evidence to indicate that the injury of the kidney is greater in animals 
with simple obstruction than in those in which tissue is allowed to 
autolyze. The rapidity with which tissue breaks down following dehy- 
dration and loss of chlorides would not alone account for the accumula- 
tion of nonprotein nitrogen in the blood, especially, as this increase is 
dissipated by the administration of saline. The gmng of saline does not 
prevent the increased urinary excretion of nitrogen, nor does the non- 
protein nitrogen in the urine of these animals given saline seem to be 
increased over that observed in the animals that do not receive salt. 
Marshall and Davis have shown that nearly all tissues have about the 
same urea content as blood. If an increase in the nonprotein nitrogen of 
the tissues in these animals occurred commensurate with that observed 
in the blood, if saline actually washed out the increased nonprotein 


11. Duval, A., and Grigault, A.: L’intoxications par les plaies dc guerre, t 

retention azotee des blesses, C. R. de soc. de biol. 81:873, 1918. ^ 

12. Aub, J. C., and Wu, H.: Studies in Experimental Tra^atic i 
Chemical Changes in the Blood, Am. J. Physiol. 34:416 (Dec.) 1920. 

13. Hashimoto, H.: Blood Chemistry in Acute Histamin Intoxication. J. 

Pharmacol. & Exper. Therap. 25:381 (June) '1925. T^inn* of 

14. Cooke, J. V.. and Whipple. G. H.: Proteose ^{h^h) 

Body Protein, J. Exper. Med. 28:223 and 243 (Aug.) 1918; ibid. 25.461 (. • 

Marshall, E. K., and Davis. D. M.: J. Biol. Chem. 18:53, 1914. 
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dogs, isolated loops were similarly irrigated, although the ends were left 
open and lateral anastomoses made; these dogs recovered. A second 
operation was performed later on one of these dogs ; the ends were found 
partially sealed. There was free fluid in the peritoneal cavity. The dog 
died following a free opening of this loop. When extensive gangrenous 
changes obtain in irrigated closed loops, strangulation of intestine 
has occurred minus the obstructive factor. In these animals, an 
increased urinary excretion of nitrogen was obtained, but the high blood 
urea observed in simple occlusion of the upper part of the intestine was 
not noted. 

Corroboration of the rapid disintegration of strangulated intestine 
previously noted ^ when a segment was strangulated with its mesentery 
and the constriction subsequently released was observed when the intes- 
tine was allowed to autolyze in vivo in the peritoneal cavity, or when the 
products of autolysis were injected into the peritoneal cavity of rats after 
being incubated in vitro. Comparisons made with other tissues showed 
the products of autolysis of intestine to be markedly toxic. Mann,° in 
removing the liver in dogs, has observed that when a piece of liver two 
fingerbreadths in width remained free in the abdomen, the dogs died 
within sixteen hours. Mason and Davidson ^ also obser\'ed the marked 
toxidty of liver tissue allowed to autolyze in the peritoneal cavity. Xone 
of the fifteen dogs survived in which from 30 to 110 Gm. of liver tissue 
was placed in the peritoneal cavity. Tlie usual period of survival follow- 
ing the operative procedure was about twenty hours. Only three ® of six 
dogs died in which the spleen used weighed from 23 to 68 Gm. The post- 
mortem appearance of the peritoneal surfaces following the autolysis of 
tissue described in this paper was noted by these authors,^ They also 
observed that the fluid present in the peritoneal cavity at death was much 
less toxic on injection than the autolyzing tissue itself." Delhct and 
Karajonopoulos made the same obser\'ation on muscle tissue autolyzed 
in vitro. 

6. Mann, F. C., quoted by Mason and Davidson : A Study of Tissue Autol- 
ysis in Vivo; I. Blood Changes, Physical and Chemical, J. Lab. & Clin. Med. 
10:622 (May) 1925. 

7. Mason, E. C, and Davidson, E. C: J. Lab. & Clin. Med. 10:622 (May) 
1925. 

8. Mason, E. C., and Davidson, E. C: A Study of Tissue .\utolysis in 
Vivo; III. Observations Using the Spleen, J. Lab. & Clin. Med. 10:997, 1925. 

9. Mason, E. C., and Davidson, E. C.: A Study of Tissue .'\utolysis in Vivo; 
11. A Pharmacological Study of the Toxic Material, J. Lab. & Clin. Med. 10: 
906, 1925. 

10. Delbct and Karajonopoulos : De la toxicite dcs autolysats musculaircs au 
point de vue du choc, Bull. Acad, dc med. 80:13 (JuljO 1918. 



INTESTINAL TUBERCULOSIS CAUSING OBSTRUCTION* 

J. R. B. BRANCH, M.D. 

PEKING, CHINA 

From April, 1927 to April, 1928 eight patients with hyperplastic 
intestinal tuberculosis with obstruction of varying degrees were operated 
on in the surgical service of the Peking Union Medical College Hospital. 
The cases, some of which have been reported in a short article previously 
published, form the basis of this report.^ 

Intestinal tuberculosis associated with pulmonary tuberoilosis has 
long been recognized. The importance of early diagnosis and treatment 
in this condition has been recently stressed in a monograph by Brown 
and Sampson.® In 1925, Larimore and Fisher® reported a series of 
cases of ulcerative processes in the cecum in which the patietits were 
operated on with encouraging though not brilliant results. In an article 
on tumors of the secum Erdmann and Clark, ^ in 1927, reported seven 
cases of tuberculosis of the cecum and terminal ileum' with symptoms 
of intestinal obstruction. In this series, the pulmonary observations w'ere 
negative. 

FREQUENCY 

Probably the most severe cases of pulmonary tuberculosis present 
some intestinal involvement ; lesions are found in the intestinal tract of 
from 70 to 90 per cent of patients dying of this disease.® These lesions 
are usually of the ulcerative variety, and in only 25 per cent of them does 
stenosis or stricture develop;® it is during comparatively recent times 
that operation has been considered possible in such cases. The hyper- 
plastic and stenosing lesions are more commonly treated surgically. In 
100 cases of cecal lesions in which the patients were submitted to opera- 
tion, Gant found four cases of hyperplastic tuberculosis; in Erdmann 
and Clark’s series of forty-eight tumors of the cecum, seven were tuber- 
culous. 

♦From the Department of Surgery, Peking Union Medical College. 

1. Branch, J. R. B.: The Surgical Treatment of Intestinal Tuberculosis, China 
M. J. 42:239 (April) 1928. 

2. Brown, L., and Sampson, H. L.: Intestinal Tuberculosis, Philadelp nSi 
Lea & Febiger, 1926. 

3. Larimore, J. W., and Fisher, A. O.: Tuberculosis of the Cecum, Ann. 
Surg. 83:496 (April) 1926. 

4. Erdmann, J. F., and Clark, A. E.: Tumors of the Cecum, Ann. burg. 
85:722 (May) 1927. 

5. Fenwick and Dodwell: Lancet 11:133, 1892. . 

6. Read, W. D.: Tuberculosis of Cecum, Northwest iMed. 20:28- (Uc.; 
1921; Cecal Pathology, ibid. 20:11 (Jan.) 1921. 
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nitrogen of the blood, an appredable increase in the urinarj- excretion 
of nitrogen would be observed over that obtained in animals that did 
not receive saline. Water alone fails to obviate this increase in non- 
protein blood nitrogen. It would appear that an alteration in the per- 
meability of tissue may occur in these animals such that the rapid 
dehydration and loss of chlorides incident to the obstruction may permit 
the accumulation of nonprotein nitrogen in the blood. 

In the recovery of the animals following the detachment of the spleen 
and its autolysis in the peritoneal cavity after the subcutaneous adminis- 
tration of saline, it would app^r that saline possesses a protective value 
in combating the toxemia accompan3ring the disintegration of tissue. It 
has been maintained that saline performs such a function in the treat- 
ment of burns.^® In the foregoing experiments, however, factors such 
as the protective influence of the omentum must be controlled before the 
recovery of the animal is ascribed to saline alone. Evidence atos not 
obtained that would indicate that the administration of saline was of any 
value in combating the toxemia that occurred when the intestine was 
deprived of its blood supply. 

SUMMARY AND CONCLUSIONS 

Comparisons have been made of the toxicity of intestine and various 
tissues on autolysis in vivo and in vitro. The products of disintegration 
of the intestine were found to be markedly toxic when segments of small 
intestine were allowed to autolyze in the peritoneal cavitj' or when rats 
were given intraperitoneal injections of the products of autolysis of 
intestine from sterile containers kept in the incubator. A marked 
increase in the urinary excretion of nitrogen was obsen'ed in the animals 
in which various tissues were allowed to autolyze; however, only a 
slight increase in the nonprotein nitrogen of the blood occurred. The 
low values for blood chlorides obser\’ed in dogs with obstruction of the 
upper part of the intestine were not obtained in strangulation of 
the intestine alone f closed loop obstruction with gangrene) when the 
continuity of the remainder of the intestinal tract was restored. The 
subcutaneous administration of saline to animals with disintegrating 
segments of intestine appeared to be valueless. 

16. Davidson, E. C: Sodium Chloride Metabolism in Cutaneous Burns and 
Its Possible Significance for a Rational Therapy, .-Vreh. Surg. 13:262 f.Aue.) 1926. 
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mens showed a coexisting old infection with Schistosoma in the cecum 
and ileum, associated with tuberculosis. 

The outstanding feature in all of the cases was a generalized thicken- 
ing of the entire wall of the bowel wth old, healed, scar tissue resulting 
in stenosis of the lumen ; in several cases, the stricture was 5 mm. or 



Fig. 1 (case 2). — ^Roentgenogram of the chest, July 19, 1927, showing thic'cn 
ing of apical pleura on the left side and fibrosed tuberculous infiltration o upper 
area on the right side. Lesions have not changed in six years. 


less in diameter. The mucosa ^vas tliickened and often projected m o 
the lumen as papillary elevations, some of them being from 1 to 2 cin.^m 
length. Ulceration was not prominent, though in most of the 
small healed and unhealed ulcers were found. Grossly, little was sect 
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During the past five years, one of three resections of the right 
colon performed in this hospital was for tuberculosis. Within the past 
nine months, seventeen cases of intestinal tuberculosis have been seen on 
the medical service here, in which the condition was diagnosed by roent- 
gen ray, but for one reason or another the patients were not transferred 
to the surgical ser^dce for operation. Although these figures are not 
intended to conv^ any information concerning tlie relative frequenc}* 
of the condition in Giina, it is striking to see so man 3 ' cases in Peking 
during one year. I did not encounter a case during twelve years spent 
in active surgical work in a clinic in Central China, though there must 
have been many in the community. 

PATHOLOGY 

About 85 per cent of the invoh-ement in intestinal tuberculosis is 
in the terminal ileum, cecum and proximal colon.' Fifty per cent of the 
patients with tuberculous peritonitis have intestinal tuberculosis also, and 
20 per cent of the patients having intestinal tuberculosis have peritoneal 
involvement as well.® 

The type of lesion I'aries ; in some instances, particular!}' when asso- 
ciated with pulmonary tuberculosis, it is ulcerative and progressive. 
This association with processes in the lungs and perhaps elsewhere is 
responsible for the term “secondary.” Another type is the hyperplastic 
lesion, which is frequently called “primar}’.” While it is true that in the 
latter variety there may not be any demonstrable tuberculous lesions in 
the lungs or elsewhere, and that from the data secured by physical 
examinations and roentgen-ray studies one may fail to find an original 
focus, it is, however, not only possible but highly probable that there may 
be or may have been processes elsewhere. Without complete examina- 
tions at autopsy, one is not justified in speaking of these cases as 
primary. ^ 

All of my cases were of the hyperplastic, stenosing variety, and the 
pathologic pictures were all strikingly similar (fig. 12). The lesions 
were in the terminal ileum, cecum and ascending colon ; in several ca.*:es 
the appendix also Avas involved in the tuberculous process. Two were 
associated with tuberculous peritonitis, one in the ascitic and one in the 
early plastic stage. Three patients had evidence of previous pulmonary 
tuberculosis, but in only one was the process active. One of the siK-ci- 

7. Powell and Hartley; Diseases of the Liidr and Pleura. Piiiladclpliia. 
P. Blakiston’s Son and Company. 1921. p. 79S. Rlumberg. .Alfred: Pathnluay 
Intestinal Tuberculosis. J. Lab. & Clin. Med. 13:405 fFcb.) 1926. 

8. .Albrecht: Ueber die Bcziciiunpcn zwisclien peritoneal und ;;cni:al Ttiber- 
culosc. Vcrhandl d. dcutscli. 

9. Charbrut, R. : Sur les risultats dc la rL-.«ection dans la tubercidx'e ile<- 
caccale (40 observations). J. de chir. 30:656 (Dec.) 1927. 
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in the numerous sections examined. When evidence of dysenterv or 
other probable cause for the lesion is lacking, I am of the opinion, how- 
ever, that the patient also had intestinal tuberculosis, and the case is 
accordingly included in this series. 

In some instances glandular involvement was observed ; it ^vas exten- 
sive and marked in one case. The complete report of case 5 is given 



subsequently as typical of the observations in this senes; 
removed at operation (ileum, cecum and ascending colon; 


the specimen 
is illustrated 


in figure 12. 
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to suggest more than a determined and successful reaction to combat a 
chronic infectious process, so that the pathologist v.-as disinclined to 
agree with the clinical diagnosis of tuberculosis until sections were exam- 
ined. The gross pathologic. picture would have been the same if the 
causative agent had been d 3 'sentety. Schistosoma or am- other chronic 



Fig. 2 (case 2). — Roentgenogram, July 19, 1927, made .'si.x hour.-! after inseytion 
of barium, showing dilatation of the terminal ileum, nontilliiig of the cecum and 
incomplete Ailing of the ascending colon. 

irritant. The condition in all case.*; with the exception of one Wtis diat,'- 
nosed as tuberculous on microscopic c.\amination, tubercle.': and bacilli 
being demonstrated. In case 6. essentialh' like the niher.« clinically, anti 
with similar gross pathologic changes, tul)crcle bacilli were not fuitnti 
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showed many small and large papillary growths, varying in length from 01 to 
1 cm. and m diameter from 0.1 to 0.3 cm. Near the papillary region, namclv in 
the large- intestine, there were several grayish pink and dark red ilcers from 
0.2 to 1 cm. in diameter. The mucosa in this region was swollen and ele^’ated and 
was a grayish white. The walls of the intestine varied from OJ’to 2 cm in 
thickness. 

^ Sections of the small intestine examined microscopically revealed the irregularly 
thickened and edematous mucosa with infiltration by polymorphonuclear Jeuko- 
cytes, wandering cells, plasma cells and lymphoQrtes. Approximately in the center, 
there was a necrotic and hemorrhagic area which extended even into the suk 
rnudosa. Elsewhere in the sflbinucosa, marked edema and hemorrhage with infiltra- 
tion .by leukocytes was revealed. The muscularis was. thickened in places and at 
one end showed edema with infiltration by a small number of leukocytes. Opposite 
the necrotic and hemorrhagic area, the muscularis was replaced by fibrous tissue 
with small and large blood vessels and infiltration of leukocytes. The serosa was 
thickened with a large amount of fat tissue and slight infiltration by leukocytes. 
In the mucosa,- submucosa, muscularis and serosa, a few tubercles cortsisting of 
epithelioid cells and giant cells were present. • ■ 

Sections of the large intestine showed that. the mucosa was irregularly thick- 
ened and edematous with' infiltration by wandering cells, plasma- cells, lymphocytes 
and) polymorphonuclear leukocytes. In places the submucosa revealed marked 
edema' with' infiltration by leukocytes. The muscularis was also irregularly 
thickened, and at one side areas of small and large intestinal glands were present, 
some of which were dilated and showed cystic structure, with luihina which were 
empty or contained a small amount of coagulated material, desquamated epithelium 
and many pblymorphonudear leukocytes. The muscularis was infiltrated \yith 
wandering cells; lymphocytes, plasma cells and polymorphonuclear leukocytes, 
especially surrounding those areas. Nearly a large tubercle consisting of epithelioid 
cells and giant cells was present. The serosa was also thickened and edematous 
with a large amount of fat tissue and infiltration by leukoqrtes. Sections of sur- 
rounding fat and fibrous tissue showed that many small and large tubercles con- 
sisting of epithelioid cells and g^ant cdls were present. The tubercles were necrotic 
in a few places, containing dead cells and polymorphonuclear leukocytes, and were 
surrounded by lymphocytes and plasma cells. Elsewhere the fat and fibrous tis- 
sue also showed infiltration by lymphocytes, plasma cells, polymqrphonuclrar 
leukocytes and large cells with granular cytoplasm and oval or round nuclei in t e 
center or near the edge. Here and there, slight hemorrhagic areas were a so 
present. On careful examination only four tubercle bacilli were found., . 
diagnosis was made of tuberculosis of the cecum with stenosis of the lumen o 
the intestine. 

CLINICAL PICTURE 

My experience is similar to that of Erdmann, who stated that the 
condition in all of- his seven cases had been diagnosed at various tiiuK as 
appendicitis. The patient in case 1 was operated on throng 
McBurney incision for appendicitis when the tuberculous cecum uns 
found ; in case 3 the patient had undergone appendectomy four mon 
previously (tlie appendix was tuberculous) ; in case 5, exploration la 
been performed owing to severe, paroxysmal, abdominal pain t lou 
to be due to a strangulated ovarian cyst ; in the others, the con i mn 
one time or another was thought to be appendicitis. 
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REPORT OF CASE 

At operation on a Chinese woman, aged 28, a specimen consisting of a portion 
of the small and large intestines, measuring 19 cm. in length and from 2 to 3 cm. 
in diameter, was obtained. Gross examination revealed a large amount of grayish, 
pink and light yellow fat and fibrous tissue attached to the external surface. The 
cut surface of the large intestine revealed an obstructive portion in which the 
lumen measured approximately 0.5 cm. in diameter. The mucosa in this region 



Fig. 4 (case 3). — ^Roentgenogram of the colon, June 28. 1927. after injection 
of barium enema, showing nonhlling of the cecum, general narrowing of the 
ascending colon at its proximal portion, incompetence of the ileocecal valve and 
dilatation of the terminal ileum. Diagnosis of a hyperplastic and obstructive 
lesion (tuberculosis) of the ileocecal region and the ascending colon was made 
on this examination. 
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T^e physical, laboratory and roentgen-ray examinations are more 
illuminating. In my patients the chest either was normal or, as in three 
cases, showed old, healed, unimportant pulmonary lesions. In case 7 
active lesions were seen. (These observations were confirmed by 
roentgen-ray films.) The abdominal examination did not reveal any- 
thing of importance except in the right iliac fossa; here localized, 
moderate tendeimess was noted, but muscle spasm, involuntary resistance 
or ngidily was nofpr^cint; In every case there was a mass in the cecal 
r^ion which persisted after satisfactory enemas had been given. This 
mass had the limits of motility one might expect in the cecum, though in 
case 5 it could be pushed up to the costal margin and down to the pelvis. 
In one case with associated tuberculous peritonitis, the temperature was 



Fig. 6 (case 4). — ^Roentgenograms, Aug. 31, 1927, made under fluoroscopic 
control -following injection of barium enema, demonstrating the different phases 
of filling of the cecum and the ascending colon due to active spasm of these parts. 


39.2 C. ; in another, it was 38.8 C., and in a third uncomplicated case, 
it was 37.4 C. In the other cases the temperature was normal. The 
leuko^e count was normal in all but two patients ; the patient in case 
had 11, (XX) white cells with 86 per cent polyphonuclears and the patient 
in case 7 had 14,400 white cells with 74 per cent polymorphonuclears. 

The roentgen-ray studies were most important. In all of the cases, 
with the exception of the first, roentgen-ray examination was made of 
the intestinal tract. The fluoroscopic and roentgenographic observations 
were characteristic of either ulcerative or hyperplastic lesion and in every 
instance, with the exception of case 8, confirmed the clinical 
intestinal tuberculosis. The constant symptoms were: (y 
defect — ^nonfilHng, irregularity, narrowing and constriction; (2) gc 
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-The predominating symptom is abdominal pain, at times general, at 
other times localized in the right lower quadrant. It is described as 
colicky, recurrent and paroxysmal, and, in some instances, is e-xceedingly 
severe; gurgling of gas is frequentl}' present in the bowels, and in even- 
case there is nausea and vomiting. The attacks of pain in some cases 
lasted three or four hours, in others as long as seven or eight hours. 
Most of the patients gave a history of constipation, and some of them 
had had attacks of diarrhea. In the interim they either were well, or 



Fig. S (case 4). — Roentgenogram of tlie chest, Aug. 29. 1927, >hf)\ving 
moderately increased thickening of the shadows of the hilum on hoth sides, which, 
in a subject aged 11 years, was thought to be of some clinical signiilcaiice. 


had vague abdominal discomfort; however, there was a definite teiideiu-y 
for the interval of freedom from attacks to become shorter and for the 
duration of tlie attacks to Itecome longer. Such a .<symptom-conij»!e.\- 
would seem to indicate a iiathologic process in the right lower abdominal 
quadrant, and one would naturally think first of the mo.«t rotnmon 
condition : appendicitis. 
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methods barium meal proved preferable because it prorided the means 
of studying both the anatomic and the physiologic changes in the 
intestine, and, tlierefore, all the diagnostic signs, when present, could 
be seen. In all five cases in which the barium meal was employed, 
colonic hypermotility and ileal stasis, the cardinal sign-complex of ulcera- 



Fig. 8 (case 5). -Roentgenogram, Nov. 11, 1927, made after the 
barium enema, showing filling defect of the cecum and ascmdmg colon, 
petency of the ileocecal valve and dilatation of the terminal ileum. 


tion, were present in addition to the filling defect of the cecum a , j 
some cases, the terminal ileum. Localized tenderness was 
tliree patients, and a palpable mass whidi corresponded to ti p 
fiUed cecum was obsert'ed in all the patients. 
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eral colonic hypermotility, and (3) il«il stasis. It may be worth while to 
mention here that all these observations are but the signs of ulceration or 
infiltration of the wall of the intestine, and not one of them offers 
explanation concerning the cause, which should be determined in the 
light of clinical and laboratory evidence. 



Fig. 7 (case 5). — RocntgcJJogram of the chest, Nov. 9, 1927, «h>jwhig 
lesion of lung in first intercostal space area and a calcified mass hcncath the third 
rib near the axilla on the right side. Observations are considered a« nnimiwriant. 

The greatest amount of infonnation wa.<! obtained fnmi e.vaniination 
following both a barium meal and an enema. In one cise. the bariiini 
enema alone demonstrated the filling defect of the cecum and ascer.'I::'." 
colon clearly enough for a jxjsitive diagnosis to be made. 0\ tb.e tv.u 
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DIAGNOSIS 

The two conditions with which one is most likely to confuse these 
hyperplastic occlusive lesions of the cecum are; appendicitis and 
malignant groutli. 

A malignant growth is usually seen in older people ; it is most often 
associated with blood and mucus in the stools, and the symptoms are 
generally of short duration. My cases were all in young people between 
25 and 30 years of age, and a malignant tumor was not probable. Dur- 
ing the time in which this series of cases was collected a patient with a 
malignant growth in the right colon was not encountered. 

The difficulty, therefore, has been to exclude appendicitis, and since 
the first two cases 1 have been moderately accurate in diagnosis. As 
already stated, all of my patients were admitted with a provisional <Iiag- 
nosis of appendicitis. If the history and clinical picture aroused su>- 
picion of intestinal tuberculosis, a series of roentgen-ray pictures was 
made. One must, however, constantly have in mind the danger of this 
delay if one is dealing with a case of acute appendicitis. Three of my 
patients subjected to roentgen-ray examination were found to have 
chronic appendicitis with normal cecums. 

If a patient with a suggestive history lias a mass in the cecal area, a 
normal or nearly normal temperature, pulse rate and white blood count, 
no acute tenderness and no involuntary musailar resistance or rigidity, I 
have felt safe in canying on the roentgen-ray studies of the intestine. 
Hourly^ counts were made in one case with leukocytosis, and the teiuiK’ra- 
ture ivas closely watdied. 

In case S, the clinical diagnosis of intestinal tuberculosis was not 
confirmed by roentgen-ray studies but ivas demonstrated at operation; 
this case ivas in an early stage ; with most of the lesion in the apiiendix 
and head of the cecum only. In another case of subsiding npiK'tulicitis, 
the roentgen-ray report indicated a hyiicrplastic occlusive lesion in the 
cecum ; however, a lesion was not found at operation, ^^■^th these two 
exceptions the roentgen-ray studies have not failed to give an accurate 
idea of the condition. 

TRE.\T.MENT 

Resection of the diseased ponion of the bowel with enien»cl«i>t<'my 
is the operation of choice: this was done in six cases, with oiil- death ;ii:d 
live recoveries resultant. I have develoixfd an aseptic technic n:i 
the method of Scarff,’* and adapte<I it to end to side .*ina>i*'n’.M'i- ; :hi» 
has been described and illustrated in detail elsewhere.’* • .'^Kinetinte-- the 


10. Scarff. J. E.: .Aseptic End and End Sntnre of Inte-ti: 
490 (.April) 1926. 

11. Dr.-inch, J. R. B.: -Aseptic Intotinril .An.-t-t- ni ir: 
Large Bowel, Surg. Gynec, Obst.. 102^*. 
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terminal ileutti is as larere as minn j r 
done. The patient in cie 4 had alL anastomosfe h 

and was not in condition to stand more th ** peritonitis 

obstmction. The patient 1 <^e 7 ^ to relieve 

and there was extensive and massive invo^S.::*™ 



Fig. 9 (case 6). — Roentgenogram of the chest, June 3, 1927, showing normal 
lungs. 

retroperitoneal glands, with caseation and softening ; the abdomen, after 
exploration, was closed, without further treatment. In such a case, tlic 
surgeon might consider isolating tiie diseased portion of the bowel, leav- 
ing it in situ, bringing the two cut ends out through the skin, suturing 
them there and, at the same time, doing an enterocolostomy. When the 
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ileus and its consequences, and (2) the limiting, for four or five davs 
ate option, of afl fluid intake to the subcutaneous and intravenous 
adim^istration of solutions of physiologic sodium chloride or. dextrose 
Nothing is given by mouth or rectum, and the liberal use of morphine 
further helps to reduce peristalsis to a minimum. 



Fig. 11 (case 6). — ^Roentgenogram, Dec. 7, 1927, made eight hours after inges- 
tion of barium, showing marked il^ stasis. The head of the barium column has 
reached the descending portion and sigmoid. 


RESULTS 

It is too early to report end-results in any of my cases. In the first 
five resections, there was no mortality; in the sixth, the patient died o 
pneumonia and peritonitis. The autopsy showed a leak at the anasto- 



BRANCH— 1NTESTIX.IL TUBERCULOSIS 


"455 


patient’s condition permits it, this isolated section, by this time mcrclv 
a mucous tube freed from the fecal current, may be excised. As the 
obstruction in my case of this type was not extensive, 1 decided to trv 
general reconstructive treatment with heliotherapy and, later, resection. 
A simple short circuiting entero-enterosiomy has not proved of great 



Fip, 10 (case 6). — Kocnlgcnogram, Hcc. 1927, matk" ahtr iln- iiiM.’.i'ii «■! 
hnnuni enema, showing no iillinc of the cecum anil ililatati- n of i!:- tir.r.":..: 
ileum. 


v.aluc. Considerable importance is atiachetl to two iV.v.nre' in 

live .and ]H)sto]>cr:nive ]>rocethire: tl't the pruphylactic I'r c--nv, '.n; - 

lary enier<»-tomy siiggesied by Cliarle.": Mavn t<> :i\“:i! v.r. 
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gas per rectum spontaneously, and stools were normal when food was 
given by mouth. The enterocolostomy openings functioned normally in 
all cases as shown clinically arid by follow-up roentgen-ray examinations. 
One patient died — ^the patient in case 4, who had extensive intestinal 
tuberculosis of the early plastic stage in addition to tlie intestinal lesion. 
Emergency enterostomy was performed to relieve intestinal obstniction, 
and the patient died forty-two days after operation. Five patients are 
well enough to carry on their usual vocations. 
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mosis with a resultant peritonitis. The area of cecal involvement was 
slightly greater dian estimated at operation, and not enough of the bowel 
was resected; the sutures, not being taken in healthy normal colon, 
sloughed; the patient also had pulmonary tuberculosis and broncho- 
pneumonia. In three resections, some local infection was present in the 



Pip. 12 (case 5). — Specimen removed at opcraiinn, ifveril'id i:t 
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Fig. 1 (case 1). — ^Tumor of the wall of the chest; the area of density is shown 
extending from the second to the fourth ribs, near the sternal border of the right 
side. 


MALIGNANT TUMORS OF THE WALL 
OF THE CHEST 


CHARLES D. LOCKWOOD, M.D. 

PASAIinXA. CALIF. 

]MaIignant tumors of the wall of the chest, apart from mclnsi.'itic 
carcinoma, are relatively rare. They are usually sarcomatous. Twf) 
hundred and thirteen cases were collected by Hedhlom * in 1921 : ni 
these, 61.4 per cent were sarcoma and 1S.7 per cent chondroma. I'cw 
cases appear in the literature since that time, and in view of the great 
interest which is now maintained in thoracic surgerj'. it sccin.>: w«)rth 
while to report two cases in which the patients have been under my 
care in the past two years. 

The pathologic processes of the.se tumors does not dififer inim 
that of sarcoma or chondrosarcoma in other parts of the body. 'I'luy 
may take their origin from the soft parts, the cartilage, ribs, sternum, 
clavicle or scapula. As the growth develops, it invadc.s all of the 
structures of the wall of the chest and may iinally attack the pleura. 
The two cases here reported began in the cartilaginous portions of the 
upper ribs near the manubrium. 


KEPORT OF C.\SE.S 

Cask 1. — Mrs. K., aged SO, cliildicss. consulted me in N’ovcmt>er. IWJ, n-n- 
cerning a tumor of the wall of the che.st bencatli the right breast. She ii»!ieed 
the tumor in April, 1922. It was painless but seemed to he increasing in si/e. Stic 
had gained in weight. Examination revealed a Ixiny-likc tumor iiivnlvi!!-.: the 
third, fourth and fifth rilis on the right side near the ri).'-toeariiIacin<'ius iuue:i'-ii. 
It was slightly movable and not tender. The breast was nonnal; there were im 
enlarged axillary glands. Stereoscopic x-ray films showed an area of incria^nl 
density, 8 by 6 cm. between the first .and fourth ribs. There was no inviilvement 
of the ribs, and the tumor mass appeared to be anierior to them. N’o ro-atv*::'- 
graphic diagnosis was iwssible. 

First Of-eraiion. — Xov. 28, 1922: The tumor was expu'id b\ :i t:.!!i>.vt /••• 
incision just below the clavicle. It proved to lie cartilaciiiiins. <> cm. in ti r. 

lying between the first and second ribs. I'xtvndiiig inward t<> the till nr. i i.ml i m'- 
ward between the ribs for 2 cm. There was cnixion of the fir-t ri!*. Tb.e r 
was e.xciscd down to the ribs and then riirs'tted out as far .a« ‘ervie-! *;.:e v, itJ- !•• 
I>cnetrating the pleura. One hundred milligrams of radium ‘crfi!’.'-! v.;!'; J 
of brass was left in the c.avity for twelve bonr«. 


1. Hedblom: Tum >rs of the H ny Wall tie t 
t.lulyl 1021. 


z-.:- 
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Fig. 5 (case 1).— View of tumor showing denser shadow but without apparent 
extension. 
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Second Opin,lio«.-}xii, Zl, 1924: The old scar was eadsed aad .he iadskm 
enUt^ The tumor had recurred at the original site. The Srst rib was ended 
and destroyed for 2 or 3 cm. outward from its sternal junction. There were two 
or three recurrent nodules in' the periosteum overlying the second rib. The second 
rib was removed for 2 inches (5 cm.), the first rib and sternum thoroughly 
curetted. The pleura was . accidentally opened but no serious symptoms followed. 
Fifty milligrams of radium in bare needles were .inserted into the area of the 
tumor. The radium was left in ten hours. The patient remained well until 
May 20, 1927, when she returned .complaining- or pain in the right .arm and some 
restriction of motion. The tumor had recurred in the scar in the second rib 
farther out and beneath the clavicle. X-ray examination showed involvement of 
the second, third and fourth ribs. 

Third Operation.— J\mti 13, 1927 : A large flap was made by a curved incision 
beneath the breast and pectoral muscles. The second, third and fourth ribs were 

' i 



Fig. 7 (case 1). — Scar from operation; the right breast is slightly elevated. 

divided at the sternocostal junction and the pleura opened to inspect the tumor. 
It had involved the third rib in the anterior axillary line and there was an 
extension within the chest cavity involving the second, third and fourth ribs an 
the’ parietal pleura. A tumor mass 5 or 6 inches (12.7 or 15.24 cm.) in diameter 
projected into the pleural cavity and was attached to the upper lobe of the ung 
The tumor masses involving the ribs were all curetted and SO mg. of radium m 
12.5 mg. bare needles was inserted into the tumor mass within the chest 
and left in twenty-four hours. The defect in the wall of the chest was c osc } 
sliding up the breast and pectoral muscles. The wound healed without m c ion. 

Present Condition.— F^h. 10, 1928: Clinically, this patient has remained we , 
but a recent examination revealed a tumor mass 2 cm. in d.iameter betw^ 
axillary folds, firmly attached to the wall of the chest. X-ray ms 
show any increase in the size of the tumor within the chest cavity. 

Pathologic Process.— Grossly, this tumor consisted of pearl-hke 
formed pockets in the cartilage of the ribs and later invaded the bony port 
the ribs and manubrium. 
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Fig. 6 (case 1). — ^Lateral view of tumor showing invasion of pleura and lung. 
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The microscopic report was made by Dr. A. M. Moody. The tissue consisted 
essentially of hyaline cartilage with many nucld, having the appearance of dividine 
cells and some round cells. As a whole, it presented the picture of a malignant 
growth. A diagnosis of chondrosarcoma was made (figs. 1 to 8). 

Case 2. — A man, aged 26,- a concrete worker, for one month prior to my first 
examination had noticed a swelling in- the region of the right pectoral muscle just 
below the clavicle. Six years before, he was struck on the chest with a piece of 
iron, near the site of the present tumor. The scar of this injury is still wsiblc. 
He was otherwise healthy: The results of the examination were negative ov^ pt 
for the presence of a semifluctuating tumor, 6 cm. in diameter lying just Vn eat h 
the right clavicle' and extending from the outer border of the sternum to a line 
drawn from the central portion of the clavicle. The .tumor was painless, some- 

Data in Case 2 


200 raioTolts', 4 MUIfamperes. 60 Om. Distance, 18 Om. Aperture^ ^ Aim. Copper, 

1 ISm. Al uminum niter 


12/15/20 Upper anterior right side of chest 16 minutes 

M/IAim Upper antetlot right side of chest 16 minutes 

12/17/26 Upper anterior right side of chest 20 minutes 

12/20/20 Upper anterior right side of chest SOmfamtcs 

12/82/26 Upper anterior right side of chest ; ; 20 minutes 

12/24/20 Upper anterior right side of chest.. ; SOmlnutes 

12/27/20 Upper anterior right side of chest .' 10 minutes 

Vi/aiSB Idght posterior angle of scapula 10 minutes 

12/20/28 Bight posterior angle of scapula 20 minutes 

1/ 8/27 Bight posterior angle of scapula 20 minutes 

y 5/27 Bight posterior angle of scapula 20 minutes 

1/ 8/27 Bight posterior angle of soapidB SOmiautcs 

1 / 10/27 Bight posterior angle of scapula 20 minutes 


2 / 8/27 
2 / 0/27 
2/U/27 
2/12/27 
2/18/27 


Pain diminished; mass In badk became smaller; open tround In anterior aspect oi 
chest cleaner 


Bight anterior side of chest. 
Bight anterior side of riiest. 
Bight anterior side of chest. 
Bight posterior side of riiest 
Bight posterior side of idust 


. SOmlnutcs 
. SOmlnutcs 
. SOmlnutcs 
^ SOmlnutcs 
. SOmlnutcs 


Following first treatments pain ceased; general condition Improved; wound in 
anterior chest waB ’dosed ' In considerably; .rmnalning area snows cican 
granulatloim. 


what movable and apparmtly attadied t.o- the underlying structures. X-ray films 
revealed an area of only slightly increased density at the site of the tumor. 

Operatiotu — ^July 29, 1926 : A curved incision over the wall of the chest exposed 
a tumor, 6 cm. in its long diameter, densely adherent to the third rib and int'olvmg 
its periosteum. The tumor was vascular and ha'd infiltrated the pectoral 
and passed between the third and fourth ribs, involving the parietal pleura. c 
tumor was excised as widely as possible; 50 mg. of radium screened wit mm. 
of brass was left in the wotmd for twelve hours. The wound did not hea 
There was a free discharge of cheesy material and free heraorrhagt n ep 
tember, 1926, 50 mg. of radium was placed in the cavity in bare neetfes or i 
hours. The wound improved much after this and granulations . 

appearance, but a pocket still persisted which continued to discharge and • 

Nov. 8, 1926: Four months after operation, 1,200 mg. hours of ra 
bare needles were given in different portions of the tumor. f 

marked constitutional reaction and the tumor shrank greatly. **"*yv'maicrial 
tinned to bleed freely and at each dressing fragments of necro 1 

escaped. At this time, a tumor appeared near the angle of the g 




Fig. 8 (case 1). — ^Tumor of the wall of the chest; chondrosarcoma; X 7S 
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Fig. 13 (case 2). — ^Metastatic sarcoma of the back. 






Fig. 10 (case 2). — Same as figure 9, showing more detailed structure; X 300. 











CRANIOTOMY INCISIONS WITHOUT FORCEPS* 
ALBERT S. CRAWFORD', M.D. 

DETROIT 

The control of hemorrhage' is one of the most important and yet 
difficult problems in all extensive craniotomies. The tourniquet, hemo- 
static stitch and pedicle clamp have been replaced largely by the multiple 
forceps method now commonly used. The covering of the scalp is 
generally accomplished by towels clamped or sewed to the cut edges. 

During the past two years, my co-workers and I have been using a 
method which keeps the operative field free of forceps and whicli at the 
same time efficiently covers the scalp, controls bleeding and protects the 
edges of the incision. This is by the use of stockinet and Micliel clips. 



Fig. 1. — Placement of Michel clips on skin incisions. ST, indicates the 
stockinet covering; Sc, the scalp; V, the vein; P, the pericranial layer and 
the skull. 

We experimented on various metal clips, but finally settled on the Michel 
type, for they are already available, are inexpensive, are easily app le 
and control hemorrhage efficiently. 

A few points in the technic might be mentioned. After the e 
block has been made with procaine hydrochloride, the 
is scratched till it bleeds, then the stockinet is laid over the mo 
operative field and cut along the blood-stained line. The skin 
is made in the usual manner, a few inches at a time, and bleeding is 
trolled by digital pressure, men a spurting vessel is . 

caught at once and stick tied with silk. All other oozing is con to 
the dips. Figure 1 shows how the clips are placed, externa 


* From the Henry Ford Hospital. 
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which was similar in appearance and consistency to the original tumor. The 
patient was now referred to the x-ray department for deep therapy. He was given 
treatments to the point of tolerance. He had a severe reaction from the x-ray 
therapy. There was marked -improvement in the original tumor with diminished 
discharge and less hemorrhage. The tumor on the back almost disappeared. 

Pathologic Process. — Grossly, this tumor consisted of grayish white tissue. It 
was soft, friable and seemed to infiltrate the muscle. There was no regular form 
or contour. In places, it seemed glandular (fig. 9 to 13). 

^licroscopically, it consisted of small round cells, infiltrating the adjacent 
muscle fibers. A diagnosis of round cell sarcoma was made. 

Present Condition-. — Feb. 10, 1928: The patient has lost 10 pounds (4.5 Kg.) 
in weight; he is anemic and weak. The tumor has not increased in size but it is 
still discharging, bleeds freely and has a-oded the second rib. There is a dense 
fibrosis of the pectoral muscles, and he is unable to abduct his arm or lift it 
above his head. The tumor over the scapula has not recurred, but there is an 
ulcer 2 cm. in diameter at its former site. No metastasis can be discovered either 
by examination or on the x-ray films. 

COMMENT 

Tumors of the wall of the chest are usually malignant. The most 
common forms are sarcoma and chondrosarcoma. These tumors usually 
recur after removal. The patients are best treated by thorough removal, 
radium and x-ray therapy. 
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Unfavorable results have not followed this method so -far. Some 
sloughing of - the skin edges occurred in one case, resulting in delayed 
union, but this was attributed to extremely low blood pressure following 
the operation and to probable thrombosis of the vessels. The clips, of 
course, may have been contributing factors. This danger from pressure 
should be kept in mind. 

Essentially the same method was recently described for incisions 
on the extremities by Dr. W. E. Johnston.^ We agree with him tliat 
the method can be effectively used for protection of wounds in all 
surgical incisions, except probably those leading to large cavities, 
such as in laparotomies, in whidh dips might be dislodged and lost. A 
refinement in technic might be daborated by having the clips all fastened 
to a string or wire, which would diminate the danger of any being lost. 

1. Johnston, W. E. : Method of Operative Protection from Skin Infection, 
J. A. M. A. 88:1320 (April 23) 1927. 
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pericranial layer, about 12 mm. apart and directly over bleeding points 
wherever possible. Figure 2 shows a temporoparietal incision all ready 
for the work on the skull, and figure 3 the clips, the holder and the 
forceps used. 



Fig. 2. — Temporoparietal incision with clips already placed. 



Fig. 3. — ^A'lichel clips (small size) single (top and side views), on the wire 
holder, and one in the forceps which is used to apply (reduced one-half). 

After the bone flap has been turned, the wound edges are covered 
with wet cottonoid sheets, so that the field is smooth and level and 
the clips are protected. During closure, the clips are removed a few 
at a time, as the skin sutures are placed and tied, to prevent excessive 
bleeding from the scalp. 
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sciousness and an x-ray picture is made, it is found, however, that 
the reestablished muscle spasm has again pulled the fragments out of 
alinement. The remedy is manifestly to be found in tracUon or 
extension to avail of not only marshaling the fraginents by the encircling 
soft parts, but to overcome muscle spasm before final fixation. In 
such cases, the traction should be continued until the muscle spasm 
ceases. Fractures’ at the middle of the forearm, after reduction with 
immediate fixation, are most prone to get out of alinement from the 
continuance of muscle spasm of the pronators, with an ultimate lessening 
of the interosseous space and rotatory movements of the forearm, unless 
corrected early. 

Economy in x-ray pictures, after reduction of fractures and prior 
to good callus formation, is false economy, and the relation of tlie 
fragments to each other should be frequently determined, not presup- 
posed, especially in the early stages of healing. 

In order to emphasize the points that I desire to bring out in this 
paper, it may be well to recapitulate certain points concerning aids in 
restitution which should be considered. 

1. Traction on the surrounding encircling soft parts should be utilized 
to help assemble the fragments, in addition to any manipulation or 
leverage that the surgeon can effect from without. 

2. The possibility of postanesthetic muscle spasm pulling the frag- 
ments out of alinement must be borne in mind. In suitable cases, 
it will be well to use traction until muscle spasm is permanently 
overcome. 

3. Fixation should be used only after muscle spasm is overcome in 
cases in which muscle spasm can distprt the parts. 

4. X-ray pictures should frequently be made until callus formation 
assures the desired restoration. The surgeon should not be content 
with an x-ray picture before the cast or splint is applied and after 
it is taken off. 

REPORT OF A CASE 

In order to illustrate the foregoing principles, the following case 
will be cited as being typical. 

H. C., aged 28, fell off a platform about 8 feet high (244 cm.; on June 27, 1926, 
striking on his left shoulder. A report of his condition at that time states u 
pain and crepitation were present. A depression was noted under the le t 
process, and there was undue fulness on the anterior aspect of . .j. 

arm was rotated inward and abducted, and the forearm was supported j t le r 

hand, near the elbow. . * *1 oroxi- 

An x-ray picture made at that time showed a fracture dislocation a ic 
mal end of the left humerus. The dislocation was of the subcoracoid t>p , 
anterior and inward from its proper position, so that the glenoid was 
in the roentgenogram. The fracture was of the surgical neck, an 



FRACTURE DISLOCATION OF THE SHOULDER 


RELATION OF SOFT PARTS TO RESTORATION,' A NEW METHOD 

OF TREATMENT 

R. TUNSTALL TAYLOR, M.D. 

Professor of Orthopedic Surgery, University of Maryland 

BALTIMOKE 

As a general rule, a fracture or dislocation is thought of by the 
general practitioner solely in terms of the relation that bones or frag- 
ments of bones bear to each other. The effect of the soft parts in 
restoring normal alinement or in preventing it is lost sight of. 

The interposition of soft parts in preventing union, causing malunion 
or interfering with restitution is well recognized and will not be dis- 
cussed. But the clinician with increasing experience is more and more 
impressed with the importance of the utilization of the closely encircling 
muscles, ligaments, tendons, capsule and periosteum or portions of the 
latter in marshaling fragments into alinement. Failure to consider this 
important factor often leads to poor end-results, disappointment to the 
attendant or serious disability to the patient. 

In such complicated joints as those of the shoulders and hips, this 
is especially important, and a precise knowledge of the anatomy of 
the parts, the exact function of eadi muscle and the direction of the 
forces that produced the disability should be known. 

In the treatment of patients with intracapsular fracture of the hip. 
Royal Whitman of New York places the patient in the now well 
recognized “Whitman position,” and by extreme abduction makes use 
of the capsule put on the stretch to marshal the fragments into apposition. 
This is aided through fixation of the pelvis by abduction of the other 
leg and by traction and inward rotation of the affected one. In this 
connection, Lovett and Jones ^ say that “any treatment which ignores 
the fundamental principles of abduction, extension and internal rotation 
in intracapsular fracture of the hip, should be ruthlessly condemned 
as obsolete,” but they fail to explain the modus operandi of the soft 
parts. 

During the early stages of fractures and dislocations, muscle spasm 
is known to play an important role in preventing reposition, but its 
continuance after reduction is frequently overlooked. Thus, with the 
patient under an anesthetic, a fracture is reduced and the part involved 
placed in a carefully applied plaster cast, and the surgeon has a 
comfortable feeling that all is well. When the patient regains con- 

1. Lovett and Jones: Orthopaedic Surgerj’, New York, William ^^'’ood & 
Company, 1923', p. 404. 



Fig. 2. — ^Fracture-dislocation in plaster cast after attempt at manipulative 
reduction. 



Fig. 3. — ^Forty-eight hours after traction (IS pounds) on distal 
suspension of 5 pounds each of the forearm and humerus to separate pn 
Abduction of humerus 60 degrees. Dislocation reduced. 



TAYLOR— DISLOCATION OF SHOULDER 


477 


muscle spasm of the supraspinati and infraspinati the proximal fragment or 
humeral head had rotated through an arc of 180 degrees, so that its fractured 
surface was directed upward; the line of fracture of the distal end was horizontal 
and slightly beIo^y and external to the articular surface of the fractured' humeral 
head (fig. 1). 

Prior to the time the patient entered my service, an attempt had been made to 
reduce the fracture and dislocation while he was under an anesthestic, with the 
result that the distal fragment had slipped into the axilla and was abducted at an 
angle of 45 degrees with the body and was causing much axillary pain from 
impingement on nerves. The proximal end or head was unchanged in position. 
After this manipulation, it was held in position by a plaster cast covering the arm 



Fig. 1. — ^Fracture-dislocation of left shoulder immediately after accident. 


and thorax (fig. 2). The patient was referred to me in this condition seven days 
after the accident, and was admitted to the hospital on July 2, 1926. 

For this condition, various manipulative procedures of doubtful value have 
been suggested and tried, with the patient imder general anesthesia ; also similarly 
ineffective open-operative methods of grafting, suture, screwing the parts together, 
bone-pegging and even removal of the dislocated proximal fractured head. In 
these cases, it is wisest to put into practice the principles set forth in the first 
part of this paper. As in the present case neither the dislocation nor the fracture 
had been reduced by manipulation, the retaining cast was removed and the patient 
put up in a Balkan frame. He was placed flat on his back with the spring and 
mattress made additionally firm by cross-slats. Projecting from under the 
mattress beyond the left side of the bed for about 2 or 3 feet (61 or 91 cm.) was 
a board 5 feet (152 cm.) long and 4 inches (10 cm.) wide; to its upper surface at the 
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Sion of the forearm and of the arm, and in abduction at the side of the bed fi«m 
10 to 15 pounds (4.5 to 6.8 Kg.) were used as the case progressed (figs. 3 and 4) 
This apparatus was applied on July 2, and on July 6, the x-ray picture slwwed 
that reduction of the dislocation had been effected (fig. 5). Abduction of the arm 
at this time was about 45 degrees with the body, and it was seen that the apposi- 
tion of the fragments was not in good alinement. It was therefore increased to 60 
degrees and later to 90 and 120 degrees until perfect alinement was obtained 
(figs. 5, 6 and 7). 


On July 28, after three weeks of treatment in bed, when the x-ray examina- 
tions showed good callus and a reduction of the dislocation and normal alinement 
at the fracture, the arm was carefully held in the position maintained by the 



Fig. 6. — Abduction of humerus 90 degrees. 


Balkan frame apparatus, the patient slowly assisted into a sitting position in the 
bed, and a plaster cast applied from the left hand to below the crests of the i la 

(fig- 8)* .-.u 

This position was approximately with the humerus abducted 120 degrees "i 
the body, rotated outward 60 degrees and the forearm flexed 90 degrees. 

The cast was bivalved horizontally on August 19, so that the upper 
could be removed to permit massage and passive upward and 
motions. On September 2, the cast was removed, a cravat sling used suv pa 
and active motions permitted to allow full function, which soon followed. 

In approximately ten weeks following a fracture dislocation, this man "• 
back on the job with full restoration of function. 

The method used has proved satisfactory in this and 
It substantiates the claim made that the soft parts may ai ma 
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outer end a similar piece of board, about 4 by 4 inches was nailed at right 
angles; at its center it was surmounted by a vertical pulley, which was screw'ed 
in. By means of this rough board, which the mattress and the patient’s 
weight held in any position in which it might be placed by the surgeon, horizontal 
traction over the pulley could be made at any desired angle of abduction by means 



of adhesive straps and a spreader attached to the upper arm. The forearm, by 
irmanQ of adhcsivc traction straps from elbow to hand, and the upperarm, sup- 
ported by a sling with spreader, were suspended from the overhead bars of the 
Balkan frame, with appropriate ' pull^'S and counter-balance weights. These 
enabled the patient to change his position within reasonable limits and facilitated 
nursing. About 5 pounds (22 Kg.) each were used as counterpoises for suspcn- 
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in reducing dislocation and getting the parts of fractures in line when 
by properly directed traction muscle spasm is overcome. 

I claimy therefore^ that traction in abduction and outward rotation 
putting the capsule on the stretch, in early treatment wll reduce anterior 
and inward dislocation of the humeral head and that hyperabduction, 
carefully guided by a series of x-ray studies, may entirely overcome the 
nonalinement in this most disabling .condition. 

In contrast, it may be well to review briefly comments in leading 
textbooks on the prognosis and treatment of this serious .injury. 

C. L. Scudder,® speaking of fractures, epiphyseal separations and 
dislocations of the humeral head, says: 

“An anaesthetic must be used for examination and diagnosis, but it 
is even more important, however, that the first retentive dressing 
be applied with the assistance of an anaesthetic. Traction, counter 
traction and manipulation will secure coaptation of the fragments. 
To hold these fragments securely is difficult — ^to hold any one of 
these fractures without operative interference may be impossible." 
He recommends after reduction, a V-shaped axillary pad, coaptation 
splints, a plaster shoulder-cap and arm and body plaster of paris or 
crinoline, with arm at the side and forearm across abdomen, thus 
rotating the lower fragment inward, the malposition of fracture in 
this region. Further on, he says that “if traction on the humerus and 
pressure on the loose head in the axilla fails, open incision is to be 
done, using the McBumey-Porter hook on the upper fragment and if 
successful, suturing the shaft with absorbable suture or fine silver wire. 

. . . If it is impossible to reduce the dislocated head or if it is much 
comminuted, it will be necessary to excise it.” 

Sir Robert Jones ® says : 

“The upper fragment formed by the articular head is liable to be 
rotated into any position and dislocated from the glenoid surface . • • 
A rotated or dislocated intra-articular fragment will very probablj 
require reposition by operation ; this is easily done by the anterior deltoid 
incision, but there is some liability to recurrence of displacement. I 
this recurrent displacement cannot be prevented by one or two screws 
driven through the tuberosity, the head of the bone ought to be remove 
but resection more extensive than this is to be avoided.” 

He also recommends the axillary pad to prevent the adduction 
the upper end of the lower fragment, and in closed reductions, he straps 
the inward rotated arm to the body. 

2. Scudder, C L.: Treatment of Fractures, ed. 3, Philadelphia, 8- 

Saunders Company. . n Lni- 

3, Jones, Robert: Orthopaedic Surgery of Injuries, London, uxi 

versitj' Press, 1921. 




Fig. 8. — Patient shown in plaster cast shortly after application in same position 
as tl:at maintained in the Balkan frame. 


WOUNDS OF THE HEART 

REPORT Oir TWO CASES* 

D. M. COX, M.D. 

LOUISVniE, KY. 

Of penetrating.wounds of the thorax, those involving the heart are 
relatively infrequent. During the past four years, there have been thirty- 
five cases of gunshot wounds and sixty-one of stab wounds of the chest 
at the Louisville City Hospital. Only one bullet and one knife encoun- 
tered the heart ; some of the other wounds were very near, striking the 
pericardium, but none of the patients gave symptoms to warrant opera- 
tive intervention. 

Early history contains records of many cases of injuries to the heart, 
and in each instance the patient died. Aristotle and Galen believed that 
heart wounds were always fatal. Hollerius^ (1498-1562) was the 
first to oppose this idea; he thought that small wounds which did not 
bleed excessively could heal. The first authentic record of a healed 
wound of the heart was by lodinis Wolf ® in 1642. He found a scar in 
the heart of a deer, and believed that the animal had received the wound 
previously and had recovered. In 1761, Morgagni ® was of the opinion 
tliat a rapid collection of blood in the pericardial cavity could compress 
the heart and stop its action. 

In 1868, Georg Fischer * collected from the literature a series of 452 
cases of wounds of the heart with a mortality of 90 per cent. Tlie 
treatment employed at that time was rest, venesection, application of 
leaches and occasionally, when possible, the passage of a catheter or 
sound into the wound for evacuation of fluid from the pericardial carity. 

In 1881, Roberts ® suggested that wounds of the heart might be 
sutured. Suture of the heart muscle was first performed experimentally 
on rabbits by Black ® in 1882. Tire idea met with much opposition 

♦From the Department of Surgery, University of Louisville Scliool of 

Medicine. . 

1. Hollerius, J. : Communis aphorismi allegati, quoted from Beck: \Voun 
of the Heart, Arch. Surg. 18:205 (Aug.) 1S126. 

2. Wolf, Idonis, quoted from Beck. 

3. Morgagni, J. B.: De Sedibus et Causis Morborum, Lipsiae, sumptiD 

Leopold! Vossii, 1829; quoted from Beck. i a i, f 

4. Fischer, Georg: Die Wunden des Herzens und des Herzbcutels, Aren. . 

klin. Chir. 9:571, 1868; quoted from Beck. c „ 4: 

5. Roberts, J- B.: The Surgery of the Pericardium, Am. Anat. & B- 

247 1.881 

*6. Black: Verhandlungen der deutschen Gesellschaft fur Chirurgic, 
Congress, Berlin, 1882, part 1, p. 108; quoted from Beck. 
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According to Jones and Lovett:^ 

“This accident (fracture-dislocation) is ver}' crippling and if all 
trials at reduction fail, an open operation should be performed and 
the head reduced, an ivory or bone peg being used, if it is found 
necessary.” The Jones rectangular arm splint is then described. Later 
they say: “If the fracture is at the surgical neck and the head is dis- 
located, an open reduction should be eifected and a plate or graft 
used .... After all operations for reducing fracture and 
fracture-dislocation about the shoulder, except for fractures in or near 
the glenoid cavity, the arm should be kept in the abducted plane.” 
This does not coincide with Jones' recommendation of closed reduction. 

F. J. Cotton ® says : 

“Fracture of the surgical neck complicating dislocation does occur 
and is a most formidable complication .... Obviously all our 
methods of reduction are of little use in this condition; it is possible 
that enough connection of fragments may be retained to permit of 
reduction by right angled traction with outward pressure on the head. 
If such attempt at reduction does not succeed, as it usually does not, 
there is nothing for it but to operate.” 

CONCLUSIONS 

The temptation is great to avail oneself of the open operative treat- 
ment for fractures whereby one can see exactly what is the situation 
inside and act accordingly. 

Here, however, is a condition wherein utilization of the soft parts 
arid not cutting or further traumatization is indicated. The,v should 
be used as tractors to overcome dislocation, muscle spasm and non- 
alinement of fragments at the shoulder joint. 

On account of some of the mutilated and impaired functional results 
seen after manipulative and operative treatment of fracture dislocation 
of the shoulder, I feel that the method herein advocated should and 
can be standardized. Further, probably with the exception of the 
aid of the x-ray, it can be applied in rural communities far away 
from great medical centers ^nd hospitals. 

207-208 Medical Arts Building. 

4. Jones and Lovett: Orthopaedic Surged', Xew York, William Wood & 
Co., 1923, p. 413. 

5. Cotton, F. J. : Dislocations and Joint Fractures. Philadelphia. \\‘. B. 
Saunders Company, 1924, p. 211. 
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heart and may be used without entering either pleural cavity; however in 
most injuries the pleural cavitj- has already been penetrated- 

After the heart has been exposed, there are several methods bv which 
the wound may be found and repaired: 1. The heart may be 'grasjjcd 
tightly and forcibly pulled out of the wound, where gradual relaxation 
will reveal the mjMTy, wbidi can then be sutured. 2. The first impulse 
would be to plug the bleeding area with the finger. This is difficult to 
carry out, because the beating organ keeps moving out of the wav of 
the finger. If sufficient pressure is exerted to control the bleeding! the 
friable muscle is apt to be torn and increase the size of the wound. 
3. In 1907, Sauerbruch*® described a method by which the 
bleeding could be controlled : The middle finger of the left hand is 
inserted through the great transverse sinus which is situated below the 
aorta and pulmonary arteries and above all the veins entering the heart. 
The fourth and fifth fingers are placed below the veins; the latter can 
be compressed b}' bringing the tliird and fourth fingers closer together, 
and thus keep all blood from entering the heart. Tlie index finger .md 
thumb are left free to steady the heart while the wound is sutured. Tins 
pressure cannot be maintained indefinitely, for the heart tolerates 
ischemia for only a limited period of time. This period of safety lias 
been worked out on animals and varies from minutes* in the dog to 
minutes in the rabbit. To prolong the ischemia beyond this ^leriod 
of time causes tlie heart to lose its nonnal rhythm, which it never regains, 
or there is subsequent degeneration of the cortical cells. 4. A much 
simpler procedure was recently developed b 3 f Beck and Cutler " in dowMl 
some experimental Avork on a method for the surgical relief of mitral 
stenosis. This method will be given in detail in the first case report. 


REPORT OF CASES 

Case 1.— 3d. P., aged 26 (?). was admitted to Louisville City Hospital at 
11 a. m. on Oct. 14, 1926. He had received a gunshot wound in the chest a fc»- 
minutes before admission, the bullet entering just to the left of tl\e stcmuni m 
the fifth intercostal space. There was pain only at the site of injury. Eicaniina 
tion did not reveal any pathologic process of the lungs; the heart was norma 
in size, but the sounds were faint : the pulse was weak, with a rale of S-i. 

Fluoroscopy w’as performed. Tlie field of the right lung was slightb ha**®'" 
than that of the left, but there V'as no conclusive evidence of fluid or pneumo- 


10. Sauerbruch, F.; Die Verwendbarkeit des Unterdruckverfahrens Iw* 

Herzdiirurgie, Arch. f. klin. Chir. 83:537, 1907; quoted from Beck. ^ 

11. Laewen, A., and Sievers, R.: Expcrimentclle untcrsuchungeii 
chirnrgisch wiclitigen Abkletnmungen dcs grossen gefasso in dcr Nahc dcs e 
unter besonderer Beruchsichtigung des Verhaltnisse bci der Lungen cm m ic 
tion nach Trendelenberg, Deutsche Ztschr. f. Chir. M:S. 1908; quot r 

12. Beck, C. S.. and Cutler, E. C.: A Cardiovalvulotomc. J. Exper. . c • 
375 (Sept.) 1924. 
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many prominent surgeons spoke discouragingly concerning the subject. 
Del Vecchio " experimentally incised the hearts of dpgs, then sutured the 
wounds, and the animals recovered. In 1895, he demonstrated these 
healed wounds to the Eleventh International Medical Congress in Rome, 
Italy. During the following year, three human hearts were sutured ; 
the first two patients died following the operation, wliile the third 
(operated by Relim ®) lived and returned to normal life. 

In 1920, Tuffier ® collected 305 cases of sutured wounds of the heart, 
in 50.4 per cent of which the patients recovered. ’ This probably is a 
rather high percentage because surgeons are more prone to report their 
successful cases. 

The prognosis depends on the type and extent of the injur}’. Wounds 
which penetrate into the cardiac cavity and leave an opening in the heart 
wall sufficiently large for the escape of much blood are usually fatal in 
a short time. The clinical picture of the less extensive wounds depend 
largely on the size of the opening in the pericardium. If there is a fairly 
large opening providing free escape of blood, the S}Tnptoms produced are 
those of any severe hemorrhage. If the pericardial rent is small and 
blood collects in the pericardial cavity, compression of the heart results ,* 
the arterial pressure is lowered, and the venous pressure is elevated. 
When the intrapericardial pressure becomes equal to the venous pres- 
sure, the heart ceases to function ; this condition is called heart tamponade. 
During the process of compression (or tamponade) cyanosis develops, 
the pulse grows weaker and more rapid, heart sounds become distant, and 
respiration is increased. 

A surgeon may be called to meet a cardiac emergency at any time ; 
therefore, he should be familiar with the \'arious methods of operative 
technic, and know how they can best be applied under different condi- 
tions. The earlier operations were performed through an opening 
obtained by the removal of one rib. This, however, gave poor exposure. 
Later methods include: (1) removal of two or more ribs and costal 
cartilages subperiosteally ; (2) hinged flaps consisting of sldn, muscles, 
ribs and possibly a portion of tlie sternum; (3) median sternotomy; 
(4) intercostochondral thoracotomy — ^that is, two, three, or four costal 
cartilages are divided near the sternum and the ribs retracted until suf- 
ficient exposure is obtained. The last two methods are probably the 
most satisfactory. Median sternotomy gives the best exposure of the 

7. Del Vecchio, S.: Sutura del Cuore, Riforma med. 11:38, 1895; quoted 
from Beck. 

8. Rehni, L.: Ueber penetrierende Herzwunden und Hcrznalit. .Arch. f. kliit. 
Chir. 55:315, 1897; quoted from Beck. 

9. Tuffier, T.: La chirurgic du cocur, Cinquieme congres de la Socictc Inter- 
nationale de Chirurgie, Paris, July 19-23, 1920; £.xtrait, Brussels, Have, 1920; 
quoted from Beck. 
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anesthetic being used. The edges of the wound were retracted, and the pulsatiiu! 
heart was seen in a pool of blood. ® 

A suture was placed in the apex of the heart; this was used for traction b\' 
holding It in the left hand, while the left index finger examined the heart care- 
fully. There was a longitudinal indsion 3 cm. long in the anterior portion of the 
right ventricular wall, extending to a depth of about 6 mm. Owing to the length 
of the wound, hemostatic sutures were not used. The index finger held over the 
wound controlled the bleeding, while interrupted silk sutures were applied to 
approximate and close the edges of the wound. When this was gw ynn pliyhpj 
bleeding ceased. All the blood was then cleared out of the pericardial cavity; 
this afforded an excellent view of the wound, which was about 5 mm, from the 
coronary artery. None of the sutures had pierced or induded that structure. 
The pericardium was closed with interrupted silk sutures, which did not make 
an air-tight pericardial cavity. There were three openings (each about IS mm. 
in diameter) in the left pleural cavity; these were not dosed. The wall of the 
chest was closed air tight. A needle was inserted into the left pleural cavity and 
about 1,500 cc. of air removed, thus relieving the pneumothorax. 

During the first thirty-six hours after the operation the temperature was 
between 99 and 100 F., the pulse rate between 100 and 126, and the respiration 
from 58 to 70. The patient’s breathing was shallow, and there was some air 
hunger. He was thirsty, took fluids well, and retained them. His temperature 
then rose and for four days remained between 101 and 102.4 F. The heart rate 
averaged around 130 and went up as high as 152. The respiration gradually went 
down to around 40. Nourishing foods were given, he was digitalized and tyeat- 
ment with small doses of digitalis continued. 

July 19: Examination showed pneumonia of the base of the left lung. Fwi' 
cardial effusion and dulness (extending 6 mm. to the right of the midline) were 
present, and a pericardial friction rob was heard. 

July 22: The left border of the area of cardiac dulness extended to the 
anterior axillary line and the right border 10 cm, to the right of the midline. There 
was evidence of fluid in the left pleural cavity at that time. Slight separation of 
the edges of the wound, with the drainage of a small amount of pus, was noted, 
July 24: The pericardial cavity was aspirated through the fourth interspace 
just to the right of the sternum, and 110 cc. of straw-colored fluid was ottained. 
The left pleural cavity was aspirated, and only SO cc. of bloody fluid was 
obtained. Staphylococcus aureus was cultured from the pericardial fluid 
and from the pus of the wound. The pleural fluid was sterile, 

July 26: Two hundred cubic centimeters of fluid was aspirated 
pericardial cavity (fig. 1). Staphylococcus was again grown from the fluid. 
The wound was entirely open, exposing the anterior mediastinum. The pkura/ 
cavity was walled off and did not communicate with the wound. A roentgenogram 
showed bronchopneumonia of the base of the right lung in addition to the rgc 
bottle-shaped cardiac shadow and the radiopacity of the base of the left 

July 30: The cough increased and was aggravating. Only 50 cc of w 
was obtained from the pericardial cavity; the fluid was lost, so culture was no 

obtained. , , 

August 4: One hundred and fifty cubic centimeters of sterile nui 
aspirated from the pericardial cavity. The patient seemed stronger, “ 
temperature remained around 101 F,; the pulse rate was 140, and t c t 
tion, 50. 



cox— WOUNDS OF THE HEART 


487 


thorax. The right side of the diaphragm was less active than the left. The 
heart was slightly globular (water bottle type), the enlargement being especially 
to the right. Fluid was not seen in the pericardium. The bullet was immediately 
to the left of the midline, moving with each heart beat and lying close to the 
anterior wall of the chest. Fluoroscopic examination two hours later did not 
show any change in the condition. 

Operation was performed about three hours after admission bj’ Dr. Victor Hill. 
A midline incision was made down to and through the sternum from the ensiform 
cartilage to the attachment of the fourth costal cartilage, where the incision was 
carried laterally through the left side of the sternum into the fourth interspace. 
When the left portion of the sternum was retracted, the pericardium was exposed. 
This was incised and retracted, and there was little fluid in the pericardial cavity. 
A darkened area could be seen on the anterior portion of the right ventricular 
wall where the bullet could be felt deep in the heart. A suture was placed in the 
apex of the heart for traction, according to the technic described by Beck.” A 
suture was then placed in the heart muscle on cither side of the bullet. The bullet 
was removed with a hemostat and a large stream of blood spurted from the 
wound. The two sutures that had been placed on either side of the wound were 
then pulled to the opposite side from which they were placed, which thoroughly 
controlled the bleeding. The wound ^vas then closed with interrupted flgurc-of- 
eight silk sutures. (Six of these sutures were used.) The pericardium was 
closed with interrupted sutures of silk. The sternal reflection was put into place 
and sutured with kangaroo tendon. 

The temperature rose to 103 F. the following day, the pulse steadily increased 
in rate and became weaker. There were moist rales in the right lung; the left 
lung seemed clear, but sounds were distant. The patient reacted poorly, and died 
forty-eight hours following operation. 

Postmortem examination showed only a small amount of fluid in the peri- 
cardium. The sutures in the heart muscle were removed. The wound extended a 
distance of 15 mm. into the interventricular septum with a lateral perforation into 
the cavity of the right ventricle. The left lung was collapsed and airless. There 
was a slight diminution of crepitation in the right lung. 

Case 2. — ^H. M. A., a colored man, aged 26, was admitted to the Louisville City 
Hospital on July 16, 1927, with a stab wound 8 cm. in length and extending from 
the tip of the ensiform cartilage slightl}' upward and to the left. The patient 
presented the general picture of shock: The pulse was 160 and weak; the skin 
was cold and moist; every time he breathed a slushing sound was produced, and 
considerable blood was sprayed from the w'ound. He was under the influence 
of alcohol, which may have contributed toward his semiconscious condition. 

An attempt was made to combat shock by subcutaneous infusion of saline 
and caffeine sodium benzoate, application of external heat and hot coffee by 
rectum. 

After the patient was in the operating room, which was about two and a half 
hours following the accident, examination showed that the tip of the ensiform 
cartilage and the cartilages of the fifth, sixth and seventh ribs were cut. .Although 
this opening, which was already made, gave a rather low exposure of the heart, 
it was fairlj’ satisfactory. The skin and subcutaneous tissue.^ surrounding the 
injured area were infiltrated with 1 per cent procaine hydrochloride, jio other 


13. Beck, Claude S. : Wounds of the Heart. .Arch. Surg. 13:203 f.Aug.l 1926. 



490 


ARCHIVES OF SURGERY 


amiteta of the fluid intake and methods favoring the eatmi™ 
fluids. Merbaphen uras given repeatedly at from two to lire day inS ' 

Edma tm not notioable after October 7. The wound had baled n, 

fluid mtake was gradually mcreased. and was well tolerated. Aniisyphilltic ireu. 
ment was Started. * H*ncircat‘ 



Fig. 2. — ^Roentgenogram taken Aug. 22, 1927, showing fluid in both pleural 


cavities. 

October 20; The patient was allowed out of bed. He would not take exerche 
gradually, but walked about at will the second daj' he was up; be did not su c 
any ill effects, and continued to go about as a normal person. . , 

October 30; He was discharged from the hospital in apparently good 
condition; the fields of both lungs were clear, and his heart was 12 cm. m 
greatest diameter (fig. 3). 

November 9; He was seen for the last time, and seemed normal. 
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August 13: One hundred and cubic centimeters of sterile fluid was 
aspirated from the pericardial carit}*. The temperature was 100 F,; the pulse 
rate, 120, and respiration, 40. The patient's condition was much better, although 
he continued to have an irritating cough. The chest wound was clean and 
granulating. 

August 20: The patient was so well that he was allowed to sit up for a 
short while. The temperature had been normal for six days previously. 



Fig. 1, — Roentgenogram taken July 26, 1927, showing enlargement of the 
rarrliar shadow, bronchopncumonia at the base of the right lung and radiopacity of 
the base of the left lung. 


August 22: Dyspnea and generalized anasarca was found on examinatio:! 
(fig. 2). * 

During the ne.xt six weeks, general treatment was given for cardiac decom- 
pensation, the ctiolog}' of which was considered to be myocardial injuiy, adherivv 
pericarditis or both. The treatment in general consisted of the administration of 
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irritant to the pericardium cause either pericardial effusion or adhesions 
or both. Small amounts of blood would be injected into the pericar- 
dial cavity, the blood would be absorbed, and effusion or 
adhesions did not develop. These experiments bring out forcibly that 
it is most important to produce as little trauma as possible. The sponging 
of the blood from the cavity with gauze produces trauma and suction 
should be substituted when possible. 

The associated pneumothorax may be a factor in lowering the resis- 
tance of the patient. Therefore, when feasible, it would seem adran- 
tageous to close the thorax tight and remove the air from the pleural 
cavity. 

Aspiration of the pericardial cavity is a procedure not entirely free 
from danger. A coronary artery may be punctured, the pericardial carity 
becoming filled with blood, and fatal tamponade result. Owing to this 
possibility — such an accident has occurred — ^suppurative pericarditis 
should be treated by open incision when the condition of the patient 
warrants that procedure. Ordinarily, the best location for the insertion 
of the needle, when aspiration is to be performed, is just below to the 
left of the ensiform. This is the only location where the pericardial 
cavity may he entered without penetration of the pleural cavity. This 
location was not selected in my case, because the obviously infected 
wound was at that site. 

Note. — The patient returned to the hospital on May I, 1928, in perfect health. 
He said that he had not had any cardiac embarrassment since leaving the hospital. 
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The method of handling the heart bj’ the traction suture in the apex 
enables the procedure to be carried out with much Jess trauma than by 
any other method now known. The placing of sutures alongside the 
wound to control hemorrhage prevents soiling of the operative field. 

Many of the early operators left a drain in the pericardial cavit}*. 
Adhesive pericarditis almost inrariably followed these cases. In most of 



Fig, 3, — Roentgenogram of patient just before leaving hospital on Oct. 30. iy27. 
showing a return to almost normal. 


those cases in which drainage was not used, ijericardial effu.'sion devel- 
oped. These observations led to some cxerimenta! work by Beck and 
IMoore,’^ who found that mild trauma and the application of a chemiral 

14. Beck. C. S., and Moore. R. L.: The Significance of the Pericarilimn in 
Relation to Surgery of the Heart. .\rch. Snrg. 11:550 «Oct.l 1925. 
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that the tendon of the long head was not congenitally absent, hat that 
it had secured a secondary attachment after division. Since neitJier 
my associates nor I have seen a single convincing case of congenital 
absence of the tendon of the long head in adults, in more than a tliou- 
sand arms, it is clear that this condition is rare, although absence of the 
long head is common. Indeed, the high incidence of the latter itsdf 
compels another interpretation than that of developmental anomaly alone. 
In previous publications,® I have tried to convey the idea that 
partial or complete destruction of the articular portion of this tendon is 
relatively common and not unique, as King and Holmes ’ seem to imply. 



Fig. 1.— Left scapula, illustrating the apparently total fusion of the long 1«3<1 
of the biceps with the dorsal portion of the ligamentous lip. 


I have thirty-nine examples of dislocation and twenty of complete absence 
of the articular portion of this tendon in my possession at present. 
Although only six of the cases of dislocation are maximal, _ 
which the tendon had passed completely over the lesser tuberosij. 


6. Meyer, A. W.: Unrecognized Occupational Destruction of *c 

the Long Head of the Biceps Brachii. Arch. Surg. (Jan.) W 
Observations Upon Use-Destruction in Joints, J. , ”«•*- Brachii, 

Spontaneous Dislocation of the Tendon of the Long Head o 

Arch. Surg. 13:109 (July) 1926; footnote 1. 

7. King, Jennings M., and Holmes, George W.: The 
raent of Painful Shoulders, J. A. M. A. 89:1956 (Dec 3) 192/. 


SPONTANEOUS DISLOCATION AND DESTRUCTION OF 
TENDON OF LONG HEAD OF BICEPS BRACHII 

FIFTV-XIXE IXSTAXCES * 

A. W. MEYER 

PALO ALTO, CALIF. 

In bringing these two conditions together in the title. I am not 
assuming that they necessaril}' are always associated and that ever}' case 
of destruction of this tendon necessarily' was first one of dislocation. 
In most cases, however, dislocation of the tendon probably leads to 
greater wear, but, as reported pre'i'iously,^ tendons still lying in a nonnal 
position and in otherwise normal shoulder joints may show considerable 
wear. 

Since the biceps as well as other muscles may be congenitally absent, 
it follows that the tendon of either head may also be absent congenitally, 
but it is improbable that all the statements in the literature on this 
matter can be taken at their face value. I ne\'er have seen a clear 
case of congenital absence of the long head since I have understood the 
condition better, and few of those reported in the literature, including 
my own,® are absolutely convincing in view of the facts I have subse- 
quently revealed. Such cases as those spoken of by Lauth ® and Lecco * 
seem unequivocal, but what is needed is examination of the tendon in 
a large series of the new-born. 

I do not believe that the prominence of the supraglenoid tubercle is 
a reliable criterion for deciding whether the tendon of the long head 
is congenitally absent; for, as shown in figure 1, the tendon of the long 
head frequently merges so completely with the ligamentous, glenoidal 
lip as to be indistinguishable and also inseparable from it. One could 
therefore expect great -v'ariations in the prominence of the tubercle for 
this reason alone. In such cases as that reported by Craig,® the down- 
ward extension of the so-called transverse humeral ligament suggests 

*From the Department of Anatomy, Stanford University. 

*This does not include a number of instances in the twenty-five bodies 
under dissection this year. 

1. Mej'er, A. W.: Further Evidences of Attrition in the Human Body. .Am. 
J. Anat 34:241, 1924. 

2. Meyer, A. W. : Absence of the Tendon of the Long Head of the Biceps. 

J. Anat. and Phys. 48: 1913-1914. 

3. Lauth, Ernest Alexandre: Nouveau manuel dc I'anatomistc. Paris, 1829. 

4. Lecco, T. M.: Ein Fall von vollstandigcn Fehlen des langcn Kopfes des 
M. biceps brachii und die damit in Zusammenhang stehenden Verandcrungen 
an Knochen und Gelenktheilen, Anat Anz. 1907, vol. 30. 

5. Craig, Joseph D.: Anomaly of the Long Tendon of the Biceps Mu«clc of 
the Arm, New York M. Record, 1899, vol. 36. 



496 


ARCHIVES OF SURGERY 

published a photograph (fig. 7) of a relatively early case without 

represented in figure 2 

1 ustrate a still earlier stage in a case of dislocation. The condition of 
the sulcus on the left humerus represents an earlier stage than that on 
the right, for in the latter the tendon had already left the proximal 
part of the sulcus and had come to play on its anterior wall and crest 
and on the lesser tuberosity. In all the cases of dislocation I have seen, 
the tendon still occupied the sulcus in the region distal to the tuberosities. 
As the sulcus is shallow here, it is difficult to see how it would be 
possible to determine the absence of the tendon by palpation, and those 



Fig. 2. — Paired humeri, illustrating instances of beginning dislocation. The 
widening of the proximal portions of the sulci should be noted. 


who have claimed that they have found the sulcus empty in the living, 
must of necessity have determined this by palpation through skin, sul^ 
cutaneous tissues, fasciae and the thick layer of muscles (pectoralis 
major and deltoid) overlying the more proximal portion of the sulcus, 
which is the only region in which dislocation is known to occur 
spontaneously ; that is, gradually from use. 

Since the bodies used in the anatomic laboratory at Stanford Uni- 
versity are not drawn from an unusual source but represent the classes 
and occupations usually represented in this material, I see no 
■why the incidence of bicipital dislocation in this laboratorj' shou ) 
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most all of the rest are wholly unequivocal to any one familiar with 
the condition. In all the cases of absence of the articular portion, the 
tendon had obtained a secondary' attachment to the floor or sides of the 
sulcus or to the humeral diaph3'sis directly distal to the lesser tuberosity, 
as represented in figures 4, 5 and 6.® 

Although complete absence of -the intra-articular portion (destruc- 
tion) occurred more frequently on the right than on the left, the 
opposite is true of dislocation ; however, since both series still are small, 
not much importance can be attached to conclusions drawn from them. 
Thirteen cases of complete destruction occurred on the right and seven 
on the left, and seventeen cases of dislocation occurred on the right and 
twenty-two on the left. Both sexes are represented, and in four case.s 
the dislocation was bilateral. As I did not preserve all cases of destruc- 
tion of the tendon because they are so common, and did not discover 
such a possibility as spontaneous dislocation until a few 3’ears ago, it 
is probable that I will be able to extend these observations considerably 
during the next few years. Many cases probably were overlooked. 

I realize that the word spontaneous is out of place here as elsewhere, 
but I am using it to distinguish these cases of dislocation from those 
resulting from sudden trauma due to exertion or to external cause.*. 
Some trauma undoubtedly is associated with these cases of gradual 
occupational dislocation, . but trauma, in the ordinaiy* sense, is not a 
factor. Nor do I wish to rule out clironic arthritis. Evidences of its 
presence are unmistakable in some cases, but there is no reason to sti])- 
pose that people afflicted with chronic arthritis thereby become immune 
to dislocation. They would, of course, be more likely to suffer it becausi* 
of the changes in bone and capsule associated with this disease. 

In some cases in which the divided tendon obtained a secondary 
attachment to the diaphysis distal to the lesser tuberosity, it may have 
been dislocated and have played on the tuberosity before it was divided : 
hence it is possible that most of these cases should rcall,v be included 
among cases of dislocation. It is not improbable that this also is true 
of the cases in which the tendon is attached to the floor of the sulcus 
in the region of the lesser tuberosity, for it is not necessary for the 
tendon to be exposed to considerable wear from contact with the 
relatively rough face of the lesser tul)erosity. in order tf) be weakencfl 
by wear. 

PARTIAL DI.SLOCATIOX 

Since the observations published in 1926. I have found that partial 
dislocation of this tendon is a far commoner condition in bodies in our 
dissecting room than I had surmised. As .Mated at that time. I (lid not 
recognize the cases of beginning dislocation at first, and in 1924. I 

S. ileyer (footnote 6. fir.«t reference). 
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The relation of the tendon to tlie head of the humerus, and to the 
floor of the mtertubercular sulcus, necessarily changes as the position 
of the arm changes, for both shift beneath it. When the arm is in 
slight lateral rotation, the under surface of the tendon lies fully on the 
floor of the sulcus; but as lateral rotation is increased, its anterior 
margin is forced against the anterior wall of the sulcus, especially that 
portion formed by tlie lesser tuberosity and the capsular attachment 
proximal to it. In medial rotation, on the other hand, the anterior wall 
of the sulcus and the adjacent capsular attachment become the surfaces 
which the tendon uses as a trochlea, while its dorsal margin is forced 
against the dorsal wall of the sulcus. 

It is evident that the tension exerted on the capsular attachment 
proximal and superior to the lesser tuberosity varies with the position of 
the arm and the disproportion in width between tlie tendon and the 
sulcus, as well as with the force exerted by the muscle on the tendon. 
It seems probable that the greatest tension is exerted on this portion of 
the capsule which is the first and chief obstacle to forward dislocation 
especially in the position of extreme lateral rotation during partial 
abduction. This is the position frequently reached in occupations that 
require shoveling. In extreme abduction the relations would be entirely 
difiFerent, and the tendency to dislocation would probably be slight 
because of the approximation of the lesser tuberosity to the supraglenoid 
tubercle. 

The tendency to dislocation of this tendon, which exists in all nor- 
mal shoulder joints, is opposed primarily by the attachment of the articu- 
lar capsule in the region proximal to the lesser tuberosity. Contrary 
to the usual statement, . I do not believe that the so-called trans- 
verse humeral ligament is an important factor for preventing dislo- 
cations, for I have seen cases in which the tendon was entirel)' normal 
in position, although this ligament was extremely weak or absent. More- 
over, after observing the condition of the intertubercular portion of the 
capsule, I fully concur in the omission of a name for this so-called 
ligament from the Basle nomenclature. Transverse fibers bridging the 
sulcus, which could be designated properly as a ligament, seldom arc 
present, and when this is the case, they usually are located farther 
distally than the intertubercular region, in which the transverse humeral 
ligament of Brodie is supposed to occur. 

I have seen only one case of complete ossification of the inter- 
tubercular portion of the capsule and another in which ossification was 
partial. In the former, the tendon passed through a bony canal aljout 
2 cc. long as in the mole, armadillo and musk ox, and in the latter case 
it was covered medially by an exostoses. It is such rare '"Stands ns 
these that may have phylogenetic significance and hence justi y i 
term transverse humeral ligament, but careful developmental anu -u- 
tistical studies are necessan' to establish this. 
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unusual. With a few exceptions, practically all the bodies are of per- 
sons who belonged to the working classes. The great majority were 
Caucasian, only a few having been negroes, Chinese, -Alexican and 
Hindus. 

The greater frequency of absence of the intra-articular portion of 
the -tendon on the right side ma)'^ be due to right-handedness, and the 
somewhat larger frequency of dislocation on the left may be due to tlie 
fact that greater tension is put on the tendon and the capsular attach- 
ment on this side, in occupations that require shoveling and pitching with 
a fork, for the left hand acts as fulcrum and the left humerus passes into 
marked lateral rotation and abduction in ever}* such movement. 


f! 

ANATOMIC FEATURES 


In considering the anatomy of the humeroscapular articulation, one 
is impressed with the fact that the normal conditions promote dislo- 
cation of the tendon of the long head. Until the ann is abducted 
somewhat, the tendon cun'es forward, encircling the sHppen* and 
sloping, rounded surface of the upper, anterior portion of the head of 
the humerus. As tension on the tendon is increased, it tends to dis- 
place the latter baclovard and dowm\*ard. This does not imply, however, 
that a gap, such as appears in roentgenograms of the shoulder with the 
arm at rest, exists between the head of the humenis and the .'icromion. 
Muscle tone alone always must keep these in contact. The large gap 
seen in roentgenograms of the shoulder is due, of cour.se, to the presence 
of the articular cartilage and capsule and the tendon of the suprnspinatus, 
and is magnified because the lower surface of the acromion and the 
cartilage on and the underl}’ing compacta of the humeral head, are 
cur^'ed bodies. Since the huinero-acromial interval is decreased decidedly 
in all cases of destruction of the upper portion of the capsule and the 
tendon of the supraspinatus and also by wear on the under surface 
of the acromion and on the articular cartilage of the humeral head, 
this decrease should be evident in roentgenograms. 


Although the articular cartilage on the humerus is sometimes grooved 
slightly by the tendon in the region adjacent to the tuberosities, this 
sulcus is too shallow to have much, if any, influence in maintaining the 
nonnal position of the tendon, and only that portion which lic< beiwet-n 
the tuberosities in adduction, is properly accommodated by tbe normal 
sulcus. The tendon usually widens and flattens decidedly a« the supra- 
glcnoid tubercle is approached, where it sometimes is three, or more, 
times as wide as in the intertubcrosiial portion, when the ann is at re>-T. 
Since anatomists now speak of the entire bicepital sulcu' a' 
tubercular. I am using the word intertuberosital to <iesign:ite tl.e i> /ri: :n 
between the greater and lesser tuI>erosities. 
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present, (5) the capsular attachment may be weakened by intracapsular 
bursae and (d) the capsular attachment to the anatomic neck in the 
region proximal to the lesser tuberosity may be restricted. 

INTRAMURAL BURSAE 

So far as I know, the presence of bursae in the capsular attachment 
in this region has not heretofore been reported; yet, not infrequently, 
one or two small intracapsular supraperiosteal bursae are present. The 
presence of these bursae in this region of capsular attachment results 
in the weakening of it. I am not certain as to the genesis of these 
bursae, but I do not believe that they are congenital, but rather that 
they result from the play of the tendon of the long head against and 
on this portion of. the capsular attachment, especially during marked 
lateral rotation. Not infrequently the bursa of the subscapularis also 
extends far up under the tendon of this muscle, and it may even com- 
municate with the sheath of the long head in the intertubercular sulcus. 
This may also be the case with the intracapsular bursa- or bursae which 
form a gap bridged by the capsule or the tendon of the subscapularis, 
as the case may be. Sucli defects in the capsular attachment must 
greatly facilitate dislocation of the tendon, for they weaken the primary 
obstacle against its inception. Although the articular capsule and the 
tendon of the subscapularis always fuse intimately, it is only the 
capsular attachment which is an obstacle to dislocation, for the dis- 
located tendon of the long head does not detach the tendon of the 
subscapularis but comes to lie on it in far advanced cases, as illustrated 
in the figures referred to. If the capsular attachment to the bone in 
tliis region is maintained and stretches, the tendon of the long head 
comes to lie in a capsular sling, as shown in figure 4. This necessarily 
protects it against attrition on the face of the lesser tuberosity. Under 
these circumstances, it may become dislocated without showing much 
or even any wear from contact with the lesser tuberosity, and- such 
cases are not rare. 

Since in all the cases of delaclunent of the tendon of the subscapu- 
laris over practically the entire lesser tuberosity some arthritic reactions 
are shown, it seems to me that the gradual dislocation of this ten- 
don probably results from disease, although mechanical factors are 
involved. In some cases the tendon of the subscapularis retains an 
attachment anterior and distal (below) to the lesser tuberosity only, and 
looks as though it had undergone a slow migration from the region 
of its wide normal attachment. It must not !«: overlooked, however, 
that abnormalities in the attachment of this tendon may also be con- 
cerned in this matter. i j 4 i,c 

Spontaneous dislocation of the tendon of the long hea 
biceps may occur without the presence of arthritis, a supratu ler 
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The nature of the anterior wall of the sulcus necessarily is an impor- 
tant factor in dislocation. This applies especially to the presence or 
absence of the bony ridge shown in figure 3, which I have called the 
supratubercular ridge. Although this name might imph' that it is related 
to either tuberosity, I have never seen it related to the greater. It 
extends obliquely forward and downward from the region of the 
articular cartilage to the upper and dorsal portion of the lesser tuber- 
osity. As the surface of the distal extremity of this ridge is on a 
level with the surface of the latter, and since the tendon plays on it 



Fig. 3. — Portion of a right humerus with a sugratulicrciilar ritlgi- nuirlcfl X. 


much as the tendon of the peroneus longus jdays on the iri>c-hle:i of 
the cuboid, its role in dislocation is plainly evident. In a stmly made 
by Cilley (unpublished) it was present in 17..^ jK-r cent of 20'i humeri. 

In all normal joints there are three, anrl there may lie factur^ 

which favor dislocation of this temhni: (7) the nonnal c-iur'c 
intrac.ipsular portion of the tendon and it> relation to tl:e h:;n:era: 

(2) the much greater width of the proximal jurtion of tiie ti :;*! .'- 
{S) the fact that the anterior w.all of the mi1cu'« which i* I 

the lesser tuberosity nonnally acts as a trochlea for the :e\ :* ■ 

itstial ]H)sition <if medial rotation. {•/» a sujinituherc.var r:>!.;e 
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Not infrequently the floor of the intertubercular sulcus slopes 
decidedly toward the greater tuberosity in its upper extent, thus tending 
to throw the tendon against the dorsal wall of the sulcus and facilitating 
w-ear on this margin, as shown in figure 5. The first instances of this 
kind which I saw led me to think tliat the wear of the tendon here 
must have resulted mainly from its being caught between the greater 
tuberosity and the acromion, after a defect had been formed in the 
articular capsule ; but the subsequent finding of worn tendons in joints 
with intact, normal capsules made this interpretation untenable. I have 
also found that the tendon can be dislocated without previous detach- 
ment of the articular capsule, for the latter may merely stretch in the 
region of the lesser tuberosity instead of becoming detached. 



Fig. S. — Three left bicipital tendons from otherwise wholly normal joints, 
showing wear along the dorsal margins. The reflection of the tendon sheath 
is clearly shown in number 1. All the tendons were cut close to their origin. 


The fraying of its dorsal margin manifestly is produced by contoct 
with the dorsal wall of the sulcus and is especially marked in tendons 
which are mudi wider in their proximal portions. Frajnng of this edge 
may extend to within 0.5 cc. of the supraglenoidal attachment. I do nol 
know whether or not wear on this margin, under otherwise nonnal 
conditions, would ever be sufficient to divide the tendon, but I am 
inclined to doubt it. It could, however, not fail to weaken it and tlnus 
facilitate its rupture. 

In some cases in which the tendon had ruptured some distance roni 
its place of origin, the proximal fragment could be recognized, altboug t 
it had become adherent to the inner surface of the capsule. Often i 
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ridge or bursae in the region of the capsular attachtncnt, and also 
without the restriction of this attachment to the upper margin of the 
lesser tuberosit)'. Although it must remain a matter of opinion as to 
just what constitutes beginning dislocation, I think it conservative to 
say that approximate!}' 4 per cent of the bodies and S per cent of tlie 



Kijf. "t. — A riplit ^lllIll«;r«l^^a|Ull:^r aninilatin!! witli tin- i»r!>l>-n ..'.’ir! 

to reveal its Ih*(1. The pniximal |Mjriion ni tin- insertt!’ i rriii.-.r ;■ ' 

to the left Ilf the new hcil of the tendmi. Tlii*- tiinl' n. iilii.h !:• ' i-: ■' 

slint;, liad passed prartu'ally over tl'.e h-'-er tnln-r. -ity s: il <• ■” 
Milciis distal to the intertiiherosital r<eii<n. 


tendons illusinite some stage i»i thi>» iiri*a-"-. A k. r.’. - r • ' 

these cases present no evidences of patholugic C"::'!:!:";:' : • : • ' 

arthritis as a jiritnary or sole eati'C. 
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In view of the undoubted commonness of destruction and dis- 
location of the tendon of the long head of the biceps, it is especially 
regrettable that clinical histories are not available. This is no one’s 
fault, of course, for it is unlikely that any of the persons so affected 
sought relief from conditions of long standing by seeking medical care 
during later years. Moreover, the medical staffs of relief homes, alms- 
houses and insane asylums are too small to permit much attention 
being given to slight disabilities or aches felt by the aged. Howe^'e^, 
although they remained unknown until recently, the conditions never- 
theless are of peculiar scientific interest and also of great practical 
importance, for they undoubtedly were sustained during the most active 
years of the person’s life. 

SUPERNUMERARY CAPSULAR HEADS OF THE BICEPS 

While studying the humeroscapular articulation in specimens at 
hand, I found three cases in which the biceps had a third tendinous 
or capsular head. In two specimens with unruptured tendons, these ten- 
dinous. cords arose from the tendon of the long head in the region of 
the lesser tuberosity and extended to the upper anterior and inner sur- 
face of the articular capsule. These cords fused completdy with the 
inner surface of the capsule and gradually thinned out as they con- 
tinued toward the region of the supraglenoid tubercle. They are, how- 
ever, entirely distinct from the long head and have exactly the same 
structure, although the largest is only half as thick as the entire tendon. 
The presence of such a capsular head would fend to prevent too great 
a retraction of the long head when the latter is divided, and thus would 
facilitate its secondary attachment in the region of the lesser tuberosity. 
It also seems that the traction exerted on the capsule by it might cause 
discomfort if not pain, especially in cases in which die tendon of the 
long h«id had stretched because of weakening from attrition. 

These capsular heads of the biceps mentioned by Moser, Henie 
and Welcker, left the posterior and upper surface of the main 
tendon in the region of reflection of the synovial sheath. The 
largest lay adjacent to the main tendon, but one of the smaller 
occupied a separate, superimposed compartment. The former could 
be traced along the under surface of the capsule as far as the 
ligamentous lip of the glenoid cavity, in the region of the supraglenoid 
tubercle, but they were an unmistakable portion of the tendon of the 
long head. In the third case the supernumeraiy' tendon lay outside of 
the synovial sheath of the tendon of the long head, but joined the 
capsule in the same region as the others. It widened out considerably 
distally and apparently joined the tendon of the pectoralis 
Too much had been removed in dissection to ,enable me to follow i 
further distally. but since it was attached throughout its e.xtcnt along 
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could not be traced without difiiculty, and in some cases not at all. Its 
fusion with the capsule may be due to traumatism, and its atrophy to 
disuse. 

Although the incidence of spontaneous dislocation — and destruction 
— ^in the general population undoubtedly is far less than in the material in 
the dissecting room, it must be exceedingly common in persons who 
work in lumber and construction camps and in mines. Although the 
condition here described is undoubtedly chronic, it must be more or less 
distressing, even if not disabling, until maximal conditions are reached. 
In cases in which the intertubercular sulcus has not undergone secondary 
changes which have resulted in narrowing or roughening of it, relo- 
cation of the tendon, if not too badly worn, would seem justifiable if 
the tendon can be secured against recurring dislocation. Little could 



Fig. 6. — ^Right tendon of the long head photographed from beneath, showing 
maximal wear. This tendon was attached only by a fine strand marked x, in the 
normal region and shows wear all the way down to the region of the reflection of 
its synovial sheath. 

be accomplished, however, by relocating such a tendon as shown in 
figure 6, though it could be fastaied securely to the diaphysis so as to 
restore normal tension on it and thus prevent a certain amount of 
atrophy of the lateral portion of the muscular belly of the biceps. 

Except in early stages, I doubt, however, whether much can be 
gained in muscular power by reattachment of the tendon of the supra- 
spinatus, so commonly divided by attrition, or displaced dorsally in 
cases of attrition. To reintroduce what remains betw'een the bony sur- 
faces involved might merely reestablish former disabilities, for the 
shortened tendon and musde would have to be stretched considerably 
and would again be subjected to disastrous wear unless the patient 
changed his occupation. , 
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tuberosity, or to the floor of the sulcus in this region, or still more 
infrequently to both walls of tlie sulcus, a portion of the frayed tendon 
being drawn to each side by the tendon sheath in the region of reflection 
of the latter. 

5. In some cases in which the tendon is divided near the supra- 
glenoid attachment, it retracts completely before it obtains a secondary 
attachment, with great lengthening of the extracapsular portion — even 
up to 100 per cent — and marked atrophy of the lateral belly of the 
muscle and resultant as)rmmetry. 
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its dorsal border in the region of the intertubercular sulcus and was 
fused so completely with the fascia proximal to the tendon of the 
pectoralis major, it is unlikely that it had a muscular component distinct 
from the biceps, and even if it did these supernumerary tendinous heads 
are totally different than the well known third muscular head of the 
biceps so commonly present. 

None of these capsular heads could have developed from a portion 
of the synovial sheath which became strengthened through tension made 
on it, and since the tendon of the long head develops wholly outside 
of tlie articular capsule, and completes its migration inward as late 
as the third month of prenatal life, it need not surprise one that a 
portion of it may become stranded and fuse with the articular capsule 
through which it must pass. Indeed, it seems as though the entire 
'tendon should some time be found in an extracapsular position. As 
far as I know this has not been observed. The tendinous component 
which arose from the articular capsule and ended near the tendon of 
the pectoralis major, if not in it, seems comparable to the glenobrachial 
muscle of Gruber; but since the other capsular heads here reported 
are supernumerary, they differ from cases in which all of the tendon 
of the long head arises from the joint capsule. It seems probable to 
me that anomalies such as these well may give rise to symptoms and 
thus make diagnosis of obscure conditions of the shoulder still more 
difficult. Any one especially interested in these heads will find them 
considered by Welcker.® 

CONCLUSIONS 

1. Uncomplicated, partial or complete, spontaneous forward dislo- 
cation of the supratuberosital and intertuberosital portions of the tendon 
of the long head of the biceps, on to or over the lesser tuberosity as far 
as the tendon of the subscapularis, is common in laborers past middle life. 

2. This dislocation may be due to gradual stretching, detachment or 
destruction of the capsule proximal to and in the region of the lesser 
tuberosity. 

3. Wear of the tendon along its dorsal margin may occur in other- 
wise normal joints, but wear throughout its width probably is fre- 
quently due to contact with the lesser tuberosity in cases of dislocation, 
or with the greater tuberosity and acromion in the course of destruction 
of the dorsal portion of the articular capsule, unaccompanied by 
dislocation. 

4. After division by attrition, the tendon usually obtains a secondary 
attachment to the humeral diaph}'sis immediately distal to the lesser 

9. Welcker, Hermann: II. Ueber Mnskelrarietaten, Ztschr. f. .Anat. ii. 
Entwgsch., 1876, vol. 1. 
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jejunum 40 cm. below the pylorus, the 
mtrajejunal pressure varied behveen 2 and 4 cm. of water. 

By a slightly different procedure, we have confirmed these observa- 
tions of the normal intra-intestinal pressure in dogs, and at the same 
time we have noted something of the relationship of the intra-abdominal 
pressure to that within the intestine in which obstruction has been pro- 
duced. We share the ^'iew of Emerson “ that a slight positive pres- 
sure normally exists within the abdomen, that it is dependent for the 
most part on the tonus of the abdominal musculature and that normal 
alterations are due chiefly to tlie contractions of the diaphragm, change 
in tonus of the abdominal wall and variations in the bulk of the abdom- 
inal viscera. 

During the course of this study, we have made observations on the 
intra-intestinal pressure in some eighteen small dogs (from 8 to 12 
pounds [3.6 to 5.4 Kg.] ) in each of which simple intestinal obstruction 
had been artificially produced. The obstructions were made for the 
most part at two levels, one from about 4 to 6 inches (10.1-15.2 cm.) 
below the duodenojejunal junction, the other an equal distance 
above the ileocecal valve. In four animals, the obstruction was made in 
about the middle of the small intestine. Isolated intestinal loops were 
made in four other animals, and tlie pressure recorded within the 
loop. 

TECHNIC 

Except when otherwise stated, all animals were given }i grain (0.016 Gm.) 
of morphine and ether anesthesia before operation. As strict aseptic precautions 
were taken as possible. In each case the bowel was doubly clamped and cut 
across. The lower end was .turned in by the Parker-Kcrr method and reinforced 
by a double row of mattress sutures. The clamp ^vas removed from the proximal 
portion of the bowel and its lumen opened into which the apparatus used was then 
placed. It consisted of a brass tube about 2 inches (5.08 cm.) in Icngtli, with an 
internal diameter of 3 mm. and a threaded external surface. A concave metal 
disk about 1.5 cm. in diameter was fixed at one end, and a rubber washer was 
placed over the disk. A small incision was made in the wall of the bowel about 
2 inches proximal to the site of section. The free end of the tube was placed 
within the lumen of the intestine and brought out through the small incision. The 
disk fixed one end of the tube within the intestine. The end of the bowel was 
closed in the same manner as the distal portion. A piece of omentum was then 
placed o%*er the tubei anotlier rubber washer applied and a second concave meta 
disk screwed down over the whole, fixing the omentum and the wall of the bow , 
not too tightly, between the two rubber washers. A short rubber tube was then 
attached to the end of the metal tube and brought out through the abdominal wall 
b 3 ’ a separate stab incision. A small metal clamp closed the rubber tube. 

At van,'ing intcn'als after the operation until the death of the animal, reading.-! 
were made of the degree of intra-intestinal pressure, and graphic records of me 

3. Emerson, Haven: Intra-Abdominal Pressures. Arch. Int. .Med. 7:/?4 
(June 15) 1911. 
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Th': of a toxrc f-ubstan'rr; w-rthin th* Ium':Ti of the hov/el fn 

of inte-itinal ohi-tmetfon hai- lonjy been reco^jnfzwl, htit the proceis 
hy :'/h:rh it enters the system, ff in'Uxri it i~ hU-^iritfA, h a problem 
that is as yet ttrisol.-erl. The of>£erva.tioris of Stone anr! Ffror,^ fn 1924. 

thf: fjossfhfifty that the chang’ed fntra-fntestfnal presstfrc might 
alter the fntastfnal permeahfffty. Without attempting to fnve-tigate the 
latter problem, it appeareel that a staov of the degree of pressure v/ithin 
the lumen of the hov/el during or/struetion might he undertaken v/ith 
profit, 

Before attempting to determine the abnormal conditions, it was 
necessary to find out the normal intra-intestinal pressure and the relation- 
ship of the intra-afWominal pressure to that within the intestine. The 
physiology of the gastro-intestinal tract from a mechanical point of vietv 
rer/eals an extremely complicated conducting system. The stomach, 
ser/fng as a reser/oir, must receive and readily accommodate the food 
that arrives often in large vrAnmo, Function requires that this mass be 
stored with little change in the intragastric tension, or else we should 
experience constant dysphagia, lack of a.ppetite, gastric uneasiness and 
pain. Sherrington * confirmed this and found that the introgastric 
pressure in an etherized dog over a period of twenty minutes was from 
4 to n cm. of water. The stomach at this time contained portions of a 
prerrious meal, but after 4CO cc, of water was put into the stomach 
throu^m a cannula., the pr&ssare rose only to 6 cm, of water and ttventy 
minutes later had fallen to 4 cm. On the other hand, the small intes- 
tine has not such great vrAttmo^ tf/ handle, but receives the prrAuct- 
of the aTitrum pylori in smaller amounts and over a longer j^eriod of 
time. Such being the case, v/e would expect an intra-intestinal pressure 
less than that within the stomach. In the experiment already mentioned. 


^Frcr: trie Dep.artrr'ir.t of Ssrxsrr, Ffenterrar. Laboratory, Tr.e Jor.r,-; 
FfopVir.t rj’-ryer?hy. 
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any great difference from those operated on under ether and, indeed, 
in the instance already mentioned in which the intra~intestinal pressure 
was higher than usual during the first twenty-four hours and reached 
36 cm. of water in six hours, ether had been used. Over this early 
period, there was no regularity of peristaltic action, as was found sub- 
sequently. 

During the second t^venty-four hours of obstruction, the sustained 
pressure remained between 6 and 8 cm. of water, while the degree of 



Fig. 2. — ^Tracing to illustrate the independence of the intra-intestinal prcssurc- 
as compared with the respirations. Record of animal O. P. IS, in which obstruc- 
tion had been produced in the lower part of the ileum for ninety-six hours; 
timer 3 seconds. A rise in the intra-intestinal pressure is represented on all the* 
tracings by descent of the graph toward the bottom of the record. 






Fig. 3, — Graphic record obtained from one animal with a high intestinal 
obstruction and one with a low obstruction. The upper tracing is from^ animal 
O. P. 26, in which obstruction had been produced in the upper part of the^ jejunum 
for fifty-seven hours; the lower tracing is from animal 0. P. 30, in whici 
obstruction had been produced in the lower part of the ileum for fifty-two hours , 
timer 6 seconds. 

pressure reached at the maximum of peristalsis rose considcrablj. In 
the dogs in which the high obstructions were produced, this pressure 
varied from 30 to 45 cm., while it generally took until the third day 
for the pressure in the dogs with low obstruction to reach the same 
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motility of the bowel were obtained by a recording mercury manometer. Through 
a T-tube, a water manometer, 3 mm. in diameter, was attached in order to 
measure the lesser changes in pressure. 

RESULTS 

For the first twenty-four hours following operation, there was 
only a slight rise in the intra-intestinal pressure as a general rule, though 
in one case a considerable rise occurred within six hours. Usually 



Fig. 1. — ^Drawing of apparatus described in technic is shown above; that of a 
cross-section of the apparatus in situ is shown below. 

within twenty-four hours irregular peristaltic waves that reached a 
maximum of from 12 to 16 cm. of water were recorded. Between 
these there were inactive intervals during which the sustained pressure 
showed a gradual rise to 6 or 8 cm. As compared with the later 
observations, the bowel showed less activity during this early period 
probably owing, in the most part, to the operative trauma, the anesthesia 
and other factors. So far as the anesthesia was concerned, however, 
dogs in which obstruction was produced under procaine did not show 
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On the fourth day, the periods of increased pressure in the animals 
with high obstruction became less and less numerous, though the maxi- 
mum level reached from 45 to 50 cm. of water. The sustained pressure 
began to decline, the toxicity of the animal increased quickly and death 
usually ensued about ninety-six hours after the obstruction. The .dogs 
with low obstruction lived until the sixth or seventh day. The bowel 
showed good tone and considerable activit}'- during the fourth and fifth 
days, after which fewer periods of increased pressure were noted and 





Fig. 7.— Record of animal O. P. 26 after obstruction had been produced for 
fwentj'-eight hours; timer 6 seconds. 

the maximum level became less. The sustained pressure between these 
periods also diminished as the toxicity increased. During the twcnl>- 
four hours preceding death, the graphs showed slight undulations as the 

only evidence of intestinal motility. 

The degree of pressure, then, within the lumen of the bowel m 
obstruction is greatly increased over the normal. The maxim^ c\c • 
in animals with high and low obstruction do not show great diflfcrcnccs. 
The pressure rarely rises abo\-e 50 cm. of water, though in one isolated 
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level. The regularity of the peristaltic action became striking during 
this same interval. The periods of increased pressure in animals with 
high obstruction occurred about every third minute and lasted for 
about two minutes. In the animals with low obstruction, the regularity 
of action came on from forty-eight to seventy-two hours after the opera- 
tion and the periods of increased pressure occurred every five to 
six minutes and lasted about three minutes. In other words, tlie periods 
of peristaltic action are more frequent in animals with high obstruction, 
and the graphic record obtained differed from that made in animals with 
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Fig. 4. — Graphic record from animal O. P. 26, after obstruction had been pro- 
duced in the upper part of jejunum for four hours ; timer 6 seconds. 
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Fig. 5. — ^The upper three tracings show results in animal O. P. 26, after obstruc- 
tion had been produced for ten hours; the lower two tracings, after twenty-two 
hours of obstruction; timer 6 seconds. 


low obstruction in that a shorter time was taken for the pressure to 
reach its maximum. This is best shown in the kymographic records 
(fig. 3). The lower tracing, from an animal with low obstruction, 
shows a gradual increase in pressure with little irregularity until after 
the maximum is reached. The upper record, on the other hand, shows 
an abrupt or moderately abrupt rise in pressure with considerable 
irregularity. The fall in pressure in each case is much the same, showing 
marked evidence of peristaltic action, though somewhat more prolonged 
in the record made on animals with low obstruction. 
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instance a pressure of 58 cm. was reached. When accompanied by 
retching, vomiting or straining, the pressure is greatly increased and will 
reach above 100 cm. 

In two instances, the intra-abdominal pressure was detennined 
along with the intra-intestinal pressure. This was done by means of 
small soft rubber bags that were filled with water and placed within the 
abdomen ; a connection was then made to a water manometer. A slight 
positive pressure was present when the animal was lying down; it 
measured from 1 to 4 cm. On deep inspiration, this level reached 8 
cm. These variations were independent of the intra-intestinal pressure. 




inr-vvr 


Fig. 11.— Record of animal 0. P. 26 after obstruction had been produced for 
seventy-five hours; timer 6 seconds. 



Fig. 12. — ^Record of animal O. P. 19 in which obstruction had been produced in 
the upper part of the jejunum for one hundred and thirtj* hours. Animal was 
moribund. Results show effect of respirations and vomiting; timer 6 seconds. 

That the changes in the latter pressure are independent of the respira- 
tions is shown in figure 2. Extreme changes in intra-abdominal 
pressure, resulting from retching, vomiting and other conditions, how- 
ever, are readily transmitted to within the lumen of the bowel (fig. 12). 

In four instances, the pressure uws measured within the lumen of 
isolated portions of the intestine. In three cases, these loops were made 
up of portions of duodenum and jejunum and in one instance of 
jejunum alone. Within the first twelve hours in all cases, tlie pressure 
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Fig. 8. — ^The upper two tracings show record of animal O. P. 26 after obstruc- 
tion had been produced for thirty-three hours ; the lower two tracings, after forty- 
eight hours ; timer 6 seconds. 




Fig. 16.— The upper tracing shows record from animal 0. P. 17 after obstruc- 
tion had been produced for ninety-six hours ; the lower tracing, after one hundred 
hours ; timer 3 seconds. 



Fig. 17. — ^Record from animal O. P. 17 after obstruction had been produced for 
one hundred and twenty-four hours ; timer 3 seconds. 



Kg, la— Record from animal O. P. 17 after obstruction had been produced 
for one hundred and fifty hours; timer 6 seconds. 



Fig. 19.-Thc upper two tracings show record 
obstruction had been produced for two hundred and si. 
two tracings, after two hundred and twenty-one hours. The result . 

of fecal fistula; timer 6 seconds. 
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had risen to at least 30 cm. of water, and by twenty-four hours it 
had reached about SO cm. The rhythmic periods of increased pressure 
were likewise present, and the sustained pressure between them showed 
a high tension, measuring from 16 to 18 cm. The sustained pressure 




UMIIM IIIU I tllllHIl 

Fig. 13. — Graphic record from animal O. P. 17 in which obstruction had been 
produced in the lower part of the ileum for twenty-four hours. Respirations were 
recorded; timer 3 seconds. 

'I 




Fig. 14. — ^Record from animal O. P. 17 after obstruction had been produced 
for forty-eight hours. Respirations were recorded; timer 3 seconds. 



Fig. 15. — Record from animal O. P. 17 after obstruction had been produced 
for seventy-six hours. Respirations were recorded; timer 3 seconds. 

was maintained at a higher level than in the animal with simple obstruc- 
tions and did not fall off until perforation occurred. The maximum 
pressure observed was 70 cm. of ^^ter. The length of life in these 
animals was from twenty-nine to forty-eight hours. Three died from 
general peritonitis resulting from a perforation of the loop at the 
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Table 2. — Protocol of Dog O. P. 17 




Maximum-Minimum Pressure. 



Gm. 

Water 



Hours 




Period of Observation 

Obstructed Maximum 

Minimum Notes 

Feb. 10— 11:00-12:00 a. m. 

• • ■ 

• • 


Operation; 14 grain motphinc; 





etber; obstruction lower part 





of ileum 

4:00- 4:16 p.m. 

4 

14 

10 


Feb. 11— 11:00-12:00 a. m. 

24 

18 

7 

Fig. 13 

10:00-11:00 p. m. 

85 

18 

7 


Feb. 12— 12:00- 1:00 p. m. 

49 

9 

6 

Fig. 14 

4:00- 5:00 p. m. 

62 

12 

8 


Feb. 18—11 a. m.-l2:30 p. m. 72 

88-1- 

7 


8:00- 4:00 p. m. 

78 

44 

6 

Fig. 15 

Feb. 14— 10:30-11:16 a. m. 

98 

40 

8 

Fig. 18 

8:00- 4:00 p. m. 

100 

28 

8 

Fig. 18 

Feb. 15-12:00- 1:00 p. m. 

121 

20 

8 


2:80- 4:00 p. m. 

121 

30 

ff 

Fig. 17 

8:80- 9:30 p. m. 

180 

24 

8 


Feb. Iff— 10:00-11:30 a. m. 

144 

18 

6 


3:45- 5:15 p. m. 

160 

21 

10 

Fig. 18 

8:80- 9:80 p.m. 

154 

18 

10 


Feb. 17— 11:00-12:00 a. m. 

188 

18 

8 

Freni fistula 

4:30- ff:00p.m. 

174 

80 

2 


8:45-10:00 p. m. 

177 

18 

8 


Feb. 18— 2:50- 4:00 p. m. 

190 

IS 

2 


Feb. 19— 11:00-12:00 a. m. 

218 

14 

10 

Fig. 10 

5:00- 8:00 p. m. 

221 

24 

12 

Pg. 19 

Feb. 20— 4:00- 6:00 p. m. 

244 

No record 

Fig. 20 

Feb. 21— 7:00 a. m. 

• - - 



Found dead; autopsy: general 





peritonitis 


Table 3. 

— Protocol of Dog 0. 

P.20 


Period of Ofiservatlon 
Peb. 10-11:00-12:00 a. m. 


11:00-12:00 p.m. 
Feb. 17— 10:00-11:80 a. m. 

2:00- 8:00 p. m. 
6:00 p. m. 


Maxlmnni-SImlmnm PresBuie, 

Om. Water 

Hours , * \ 

Obstructed Alaxlmum Minimum Notes 


" 



12 

30 

12 

24 

38 

18 

27 

44 

14 

29 

• • 

.. 


Operation; J4 eraln morpldne: 
ether: Isolated loop In duo- 
denoJeJunum; ' no anasto- 
mosis 
FIe. 21 

FIbs. 21 and 22 
Fig. 22 

Dead; general peritonitis; pe^ 
fomtion of loop duo to 
apparatus 


Table 4. — Protocol of Dog O. P. 26 


Period of Obserratlon 
Feb. 27— 11:00-12:00 n. m. 


4:00- 5:30 p. m. 

0:30-10:30 p. m. 
Feb. 28-10:30 a. m.-l p. m, 
8:46- 4:45 p.m. 
0:00-10:00 p.m. 
Feb. 29— 12:00- 1:00 p. m. 

3:00- 4:30 p. m. 
8:30- 0:30 p.m. 
Mnrcli 1—10:00-11:00 a. m. 

3:00- 4:00 p.m. 
March 2— 7:00 n. m. 


lours 


Maximum-Minimum Pressure, 
Cbi. Water 


tructed Maximum Mlnimnm 


4 

17 

10 

8 

21 

30 

23 

30 

33 

SO 

48 

28 

SI 

SO 

57 

54 

71 

54 

75 

58 


6 

e 

10 

6 

0 

c 

c 


procaine 276; 

In upper part ox 


Notes 

Operation; 
structlon 

5 re.** coW water Injected Into 
bowel; Hg. 4 
Fig. 5 

Figs. 5 and C 
Fig. 7 
F/g. 8 
Fig. 8 


Fig. 0 
Fig. 10 
Fig. 11 

Found dead: 


autoPV fliow"! 
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antiniesenteric border. In the fourth there was a leak about the 
apparatus and peritonitis resulted. 

In the animals with simple obstruction, perforation or gangrene of 
the antimesenteric border was not encountered, as in the experiment 
on animals in which a loop was made. This is of interest, for in the 

Table 1. — Data for Dogs Used in Experiment 





Site of 

Ko. 

Serial No. 

Ancstlietlc 

Ohstructlon 

1 

O.P. 6 

Morphine 

Upper part of 



and ether 

j^unum. 

2 

O.P. 8 

Morphine 

Lower part of 



and ether 

ileum 

8 

O.F. 9 

Morphine 

Middle email 



and ether 

bowd 

4 

O.P. 10 

Procaine 

Upper part of 




jejunum 

5 

O.P.U 

Procaine 

Middle email 




bowel 

6 

O.P.12 

Procaine 

Lower part of 
Heim 

7 

O.P.1S 

Morphine 

Middle email 



and ether 

bowel 

8 

O.P. 14 

Morphine 

Upper part of 



and ether 

idunum 

9 

O.P. 15 

Morphine 

Lower part of 



and ether 

Ileum 

10 

O.P. 16 

Morphine 

Lower part of 



and ether 

ileum 

U 

O.P. 17 

Morphine 

Lower part of 



and ether 

Ileum 

12 

O.P.18 

Morphine 

Middle email 



and ether 

bowd 

13 

O.P.19 

Morphine 

Upper part of 



and ether 

Jejunum 

14 

O.P.20 

Morphine 

leolated loop In 



and ether 

duodenojejunum 

15 

O.P.21 

Morphine 

leolated loop In 



and ether 

Jdunum 

16 

O.P.22 

Morphine 

Upper part of 



andetha 

Jejunum 

17 

O.P.23 

Morphine 

leolated loop in 



and ether 

duodenojejunum 

18 

O.P.21 

Morphine 

leolated loop In 



and ether 

duodenojejunum 

19 

O.P.23 

Procaine 

Lower part of 

IIpiitti 

20 

O.P.26 

Procaine 

Upper part of 




Jejunum 

21 

O.P.2r 

Procaine 

Lower part of 
llouni 

22 

O.P.S0 

Morphine 

Lower part of 



and ether 

Ileum 


Duration 
of Life, 
Hours 

56+ 

Cause of Death 

Xoxemla and general peritonitis 

78+ 

Ihxemia and local peritonitis 

102+ 

Toxemia and distemper 

100+ 

Toxemia and local peritonitis 

53+ 

Toxemia and local peritonitis 

77+ 

General peritonitis and distemper 

103+ 

Toxemia and local peritonitis 

76+ 

Toxemia and local peritonitis 

121 

Toxemia and general peritonitis 

75+ 

Toxemia and general peritonitis 

221+ 

Toxemia and general peritonitis 

60 

Toxemia and general peritonitis 

130+ 

Toxemia and local peritonitis 

29 

General peritonitis 

48 

General peritonitis 

50 

Toxemia and general peritonitis 

64+ 

General peritonitis 

45 

General peritonitis 

29 

General peritonitis (chloroformed) 

76+ 

Toxemia 

140+ 

Toxemia 

216 

Chloroformed (fecal fistula) 


latter instance we find that the pressure rose more quickly and reached 
a higher level, while the sustained pressure between the periods of 
increased tension was more than twice that found in the animals in 
which simple obstruction was produced. 

Most of the animals, as is shown in table 1, died of a complicating 
peritonitis. There can be little doubt that this would materially affect 
the intestinal motility and probably cause the fall in pressure that is 
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graph was taken within two or three hours of death while the animal 
was moribund, but it shows wliat we found the more common record 
of the intestinal motor activity before death. Without a complicating 
peritonitis, then, we feel all our graphs would show more evidence of 
peristalsis than they have done within t\venty-four hours of death, but 
that even without peritonitis the pressure falls and the motility becomes 
less with the increasing toxemia of obstruction. 

Figures 19 and 20 are of interest as they show the changes that 
come from the development of a fecal fistula. The drainage in this 
case was not sufficient to empty the obstructed bowel, so that.a pressure 
was kept above the normal but below that within an obstructed bowel 
without a fistula. A well marked change in the character of the 
graphs is noted. 

SUMMARY 

The conclusions that follow from these experiments seem to show 
that in small dogs with simple obstruction the intra-intestinal pressure 
is maintained at a level (from 6 to 8 cm. of water) about twice that of 
the normal maximum (from 2 to 4 cm. of water). \Vhile the bowel 
is activei the pressure rises to ten or fifteen times the normal (from 
30 to 60 cm. of water). 

What we consider a fairly exact conception of the type and 
magnitude of the intestinal motility in obstruction throughout its course 
is shown in the accompanying tracings. Tliree periods may be roughly 
distinguished. The first, which embraces the twenty-four hours follow- 
ing obstruction, shows little change from the normal. The second 
period shows a rise in the basic or sustained pressure with marked 
peristalsis and a great increase in the intra-intestinal pressure generally. 
The third or terminal phase shows a falling pressure and a decrease in 
the peristaltic activity. 

The fact that periods of violent peristalsis come on earlier and are 
more frequent in animals with high obstruction than in those with low 
obstruction may have some clinical value in helping one to locate the 
site of obstruction. 

In experiments in which an isolated loop was made, the degree of 
pressure reached (70 cm. of water) is much greater than that in dogs 
with simple intestinal obstruction. 
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SO marked during tlie final twenty-four hours. That this is the case 
might be concluded from the graphs obtained from the animals with 
high obstruction that are shown in figures from 4 to 11. The last graph 
was obtained within sixteen hours of death, and the intestinal motility, 
as is shown by the records, was nearly as active as at any earlier period. 



Fig. 20. — Record from animal O. P. 17 after obstruction had been produced 
for two hundred and forty-four hours; timer 6 seconds. 



Fig. 21. — ^The upper two tracings show record from animal O. P. 20 after iso- 
lated loop had been produced in the duodenojejunum for twelve hours ; the lower 
tracing, after twenty-three hours ; timer 6 seconds. 



Fig. 22. — ^The upper two tracings show record from animal O. P. 20 after 
isolated loop had been produced for twenty-four hours; the lower two tracing.^, 
after twenty-seven hours; timer 6 seconds. 

Autopsy did not reveal general peritonitis and no local adhesions or 
exudation beyond what one might expect after such manipulation. 
Death was thought to be due, therefore, in most part to the toxemia of 
obstruction. Figure 12 ^vas obtained from another animal with Iiigli 
obstruction that, as shown at autopsy, had general peritonitis. The 
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rachitic genu varum and valgum represent a regressive phase or varia- 
tion in the development of gro\vtli of the skeleton of the lower extremi- 
ties. In the new-born child, the knee is in a position of flexion, outward 
rotation and lateral declination in relation to the general alinement of 
the leg. Boehm lias shown from studies of many children and of 
anatomic specimens that during the first five years of growth the aline- 
ment of the leg changes, the knee rotating slightly inward, losing its 
flexion and assuming a slight medial declination. However, variations 
may occur and in certain persons these may be of a regressive tj-pe, 
leading eventually to the formation of genu valgum or varum. Static 
and mechanical forces resulting from weight bearing were regarded by 
Boehm as important, not as primary, factors in influencing the develop- 
ment of the deformities but as occurring secondarily after the rariation 
in the anatomic development of the leg has been produced. 

RICKETS 

Historical . — Writing of the history of the knowledge of rickets, 
Foote* stated that when Whistler published his thesis in 1645, and 
Glisson his book in 1650, it was called an entirely hew disease. Accord- 
ing to present theories of cause, there is no reason to suppose that the 
disease did not exist before 1650. Swaddling was a method employed 
by ancient peoples to prevent the development of deformities. Soramis 
of Epiphysus apparently wrote about the disease in the second century 
A. D. The author has observed in the Army Medical Museum at 
Washington the skull of a pre-Columbian Peruvian boy with typical 
rachitic changes. Between 1450 and 1500, Bruges described the disease 
in England. Portraits by Lochner, Strigal, Bergmaier and others show 
racliitic dianges. Foote concluded that the disease undoubtedly existed 
at all times and periods. 

Sunshine and Skyshine . — ^Tisdall and Brown * made a study of the 
effect of seasonal variation on the antirachitic value of sunshine in the 
latitude of Toronto. Experiments were conducted on albino rats which 
were kept on a constant rachitogenic diet. The rats were exposed two 
hours daily and the results appraised from study of roentgenograms and 
analy sis of the calcium and phosphorus in the blood and bone. The 
authors concluded that the sun’s raj'S in the vicinity of Toronto have 
slight but definite antirachitic effect, and that there is a sharp increase in 
the antirachitic effect of sunshine, beginning in March. In April and 
May, the antirachitic effect is approximately eight times as great as in 

3. Foote, J. A.: Evidence of Rickets Prior to 1630, Am. J. Dis. Oiild. 34- 

443 (Sept.) 1927. . . i-r * 

4. Tisdall, F. F.. and Brown, A.: Seasonal Variation of .Antirachitic Etcc. 

of Sunshine, Am. J. Dis. Qifld. 34:/21 (Nov.) 192/. 
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that twice as many rats which had been exposed to the sun survived 
intrapentoneal infection as those which had not been exposed. 

[Ed. Note. — The articles summarized reporting the results of 
investigations of the antirachitic proiierties of radiation are only a few 
of a, great many dealing with different phases of the same general sub- 
ject that have been published in the last few years. Little b)' little the 
knowledge of the action and effects of radiation is being increased, and 
already a certain amount of order has emerged from what a short time 
ago was chaos. While the subject is being approached chiefly from it.*; 
relation to rickets, the orthopedic surgeon cannot lose sight of the 
larger bearing of radiation in relation to the function of bone and the 
treatment of bone diseases in general. It is reasonable to suppose that 
increase of knowledge concerning radiation in rickets may also have 
a bearing on the employment of light therapy in other conditions.] 

Rachitic Deformities of the Lower Extremities. — Moore* made a 
study of rickets in the lower extremities. He found that in nonnal legs 
the approximating epiphyseal plates of the femur and tibia are parallel 
and that when the inner borders of the feet are parallel both the knees 
and the ankles are in contact. In a typical example of rickets, he 
found that the epiphyseal lines of each knee, if extended, would meet 
at an acute angle. With the planes of the lower femoral and upper 
tibial epiphyses coming together on the outside, knockknee wuld 
naturally result. The vacant space between the epiphyses in the open 
part of the angle gradually fills up with calcified bone and new epiphyseal 
planes are formed, parallel to each other but at an abnormal angle to the 
long axis of the diaphyses of both the tibia and the femur. The author 
stated that until such a joint becomes fixed in a nonnal or a valgum or 
varum position a decided lateral mobility is demonstrable. This exagger- 
ated mobility of the knee is often the first sign of rickets in the leg. A 
normal knee gives a lateral movement of 3 cm. or less as measured at the 
heel, regardless of the length of the leg. . A knee mobility arthromctcr 
was devised so that mathematically accurate measurements could be 
obtained each month and become an index of the amount of lateral 
mobility of the knee. According to the author, this index may be used to 
determine whether or not genu valgum or varum is imminent. After 
such a deformity has developed, its value lies in determining whether the 
joint has become too set to be capable of correction by brace treatment. 

DISTURBANCES OF DEVELOPMENT AND GROWTH 

The Ovarv in Osteomalacia.— Writing on the relation of the ovarj- 
to ostcomalada, Fraser* stated that a close relationship ^ 

ovary, pregnancy and osteomalacia has been recognized since hcliiing 

8 Moore. Ulysses C; J. Bone & Joint Surg. 10:96 (Jan.)^ 1928. no. I. 

9. Fraser. J. R.: Am. J. Obst. & Gyiiec. 14:697 (Dec.’! 192/. 
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December, January and February. These results agree with those of 
Dorno, who found the ultraviolet content of midday sun in the Alps 
in January only 10 per cent as great as in July. 

Similar methods were employed by the same authors** in testing 
out the antirachitic action of skyshine. The rats were exposed on the 
shady side of the roof. The authors concluded that the effect of sky- 
shine is from about one-half to two-thirds as great as that produced by 
sunshine. 

Hess and Anderson,® by an improved technic, showed that ultraviolet 
radiation with rays shorter in length than those of sunshine is more 
potent in healing rickets than the effective area of solar rays. The 
effective band comprises the waves between 290 and 313 millimicrons. 
The studies brought out the fact that the area of specific solar radiation 
is markedly circumscribed, and that a difference of a few millimicrons 
or millionths of a millimeter determines whether or not waves are 
effective. During the winter months when the shorter ultraviolet rays 
do not reach the earth and the longer ones are less intense, the width 
of the antirachitic zone of sunlight is only about 5 millimicrons. 
These observations emphasize the danger of the small band of specific 
radiation being filtered from the atmosphere by moisture, dust, smoke, 
and other foreign substances. 

Tisdall and Brown® tested the antirachitic value of the sun’s rays 
when passed through various special window glasses. These included 
Vitaglass, Vicray glass and Corning glass. They concluded that the 
effect obtained was from 25 to 50 per cent of that obtained without 
the use of glass. An obvious difference could not be detected between 
the three glasses. The antirachitic effect of sunshine which had passed 
through ordinary glass was shown to be negligible e.xcept immediately 
adjacent to tire window. The authors stated that with any type of glass 
it is necessary to employ the direct rays of the sun in order to receive 
much benefit, and that in winter the use of special glass is probably of 
little benefit. 

Robertson ’’ reported an investigation of the effect of exposure to 
the sun on susceptibility of rachitic rats to infection. The organism 
used as the infecting agent in the experiments was a gram-negative 
bacillus isolated from the nose of a normal rat. The author showed 

4a. Tisdall, F. F., and Brown, A.: Antirachitic EfTcct of Skyshine. .■\in. J. 
Dis. Child. 84:737 (Nov.) 1927. 

5. Hess, Alfred F., and Anderson, William, T. : .Antirachitic .Activity of 
Monochromatic and Re^onal Ultraviolet Radiations, J. A. M. .A. 89:1222 (Oct. 8) 
1927. 

6. Tisdall, F. F., and Brown. -A.: Antirachitic Effect of the Sun’s Kay? 
Through Various Special Glasses, Am. J. Dis. Giild. 34:742 (Nov.) 1927. 

7. Robertson, E. C. : Canad. M. A. J. 17:1033 (Sept.) 1927. 
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do not have blue sclerae do not transmit the disease to their offspring. 
Little is known concerning treatment, and all present methods are of 
practically no avail. 

Bone Tissue in Conditions of Circulatory Disturbance. — Mueller “ 
studied bone tissue from persons with disturbed circulation, such as 
occurs in arteriosclerosis, and found definite structural changes. The 
intermediary lamellae showed areas of necrosis, while the lamellar 
systems surrounding central vessels and marrow spaces were essentially 
normal. The necrotic areas were found only in the compact bone and 
were totally lacking in the spongy bone. In senile bone without 
accompanying arteriosclerosis necrotic areas were not seen. Bone pro- 
liferation and evidence of reaction such as are usually - seen in the 
vicinity of necrotic bone areas were not seen in the specimens of bone 
from patients with circulatory disturbance. 

SCOLIOSIS 

Lucas stated that while he considered the treatment of structural 
scoliosis still far from satisfactory, he had employed Steindler’s method 
with good results. By this method the proper body alinement is main- 
tained by the formation of compensatory curves above and below the 
primary curve. Direct force is not applied to the primary curve. The 
first stage of the treatment lasts from one to two months and consists of 
gymnastics for stretching and loosening the spine and of extension on 
a Bradford frame. Extension is obtained by applying about 10 pounds 
to the head and from 30 to 40 pounds to the pelvis. In case there is 
much deformity of the chest, blowing on Wolff’s bottles is prescribed. 
The second stage is one of fixation and lasts from two to three months. 
A series of plaster jackets is applied, the child being suspended with 
the head sling. The arm on the concave side is abducted and the hip 
on this side adducted. If at the end of this time the body alinement 
is good, the spine stable with good compensatory curves and the muscles 
sufficiently strong, the child is sent home in a brace. If the spine is 
unstable, a fusion operation is performed by Hibbs’ method. After 
operation, the child is kept recumbent for three months with plaster 
fixation ; then a brace is worn for one year longer. 

Summarizing an article on scoliosis, Ober and Ghormley“ stated 
that functional and mild structural curves can be managed by simple 
corrective exercises and apparatus. . Operative measures are to be 
recommended in adult patients whose spines are not already fixed b> 

12. Mueller, W.: Beitr. z. Win. Chir. 138:494, 1926. 

13. Lucas, L. S. : Northwest aied. 26:588 (Dec.) 1927. 

14. Ober, Frank R.. and Ghormlej', Ralph IC: Scoliosis, J. A. M. A. 60. 

(Feb. 4) 1928. 
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introduced castration in 1887. Experimental work has shown that the 
ovaries exert a marked influence on phosphorus metabolism. Blair 
Bell mentioned a 50 per cent reduction in excretion of calcium after 
ovariotomy. Fraser described the changes noted in an ovary removed 
in midpregnancy from a patient with well marked osteomalacia. Not 
only the cortex but the entire ovary showed a marked hyperplasia of the 
glandular and interglandular tissue. There was a general venous con- 
gestion and widespread formation of follicles. All stages of maturation 
of the follicles were seen. Many atritic follicles were present, many of 
them cystic and with proliferation of the thecal cells. There were more 
large vessels present than is usually found, particularly in the medulla. 
This may merely represent a further stage of what normally occurs 
during pregnancy. The author expressed the belief that the ovary plays 
a part in osteomalacia because of the therapeutic benefit following 
castration, the frequent occurrence and aggravation of the disease with 
pregnancy, the high degree of fertility’ in this disease, and the changes 
which the author has described. 

Osteogenesis Imperfecta . — ^Welz and Lieberman reported the 
occurrence of osteogenesis imperfecta in single ovum twins. The first 
infant died in nine hours and the second in fourteen hours. The blood 
calcium in the mother was 8.9 mg. per hundred cubic centimeters of 
blood, and in the second infant was 10.1 mg. per hundred cubic centi- 
meters of blood. The Wassermann reaction was negative. Roentgen- 
ray examination of the second infant showed fractures in nearly every 
bone in both the upper and the lower extremities, in various stages of 
healing, also healed fractures of most of the ribs on both sides. Marked 
deformities were present in both femora. There was no evidence of 
injury to the spine. The clavicles were not broken. The epiphyses of 
the tibia showed a dense straight line of bone deposit. Roentgen-ray 
examination of the first infant showed an almost identical appearance. 
In this case, however, the clavicles were broken. 

Brittle Bones and Blue Sclera. — Colby** reported that there had 
been brought to his attention three members in one family with brittle 
bones and blue sclerae. One child had blue sclerae but had not had 
any fractures. Another child, a girl, aged 5 years, had had four previous 
fractures from slight trauma. Discussing the disease in general, the 
author said that it is usually called osteogenesis imperfecta and that it 
is characterized by brittle bones, blue sclerae, deafness and hypennobility 
of the joints. It was first described 1^' Von Ammon in 1839. It is 
transmitted by direct inheritance, and children of affected parents who 

10. Welz, W. E., and Lieberman, B. L.: Am. J. Obst. & Gyiicc. 14:49 fjiily) 
1927. 

11. Colby, E. G.: Southwestern Med. 11:36 (Aup.) 1927. 
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there is no logical reason for the transmission of pelvic pain into the 
lower lumbar and sacr:o-iliac regions. 

Etiologic Factors in Sciatic Scoliosis.— That fecal retention in the 
large bowel may be an etiologic factor in the production of certain 
disease symptoms, particularly of the syndrome of the so-called sciatic 
scoliosis, has impressed Osgood from his experience in treating some 
of these patients. He has made a detailed report of six patients showing 
this symptom-complex. The duration of the symptoms was very long. 
All of the usual methods of orthopedic treatment had been tried without 
avail. Relief was finally obtained from measures directed toward the 
correction of colonic stasis and fecal retention, such as intestinal massage 
and colonic irrigations. 


Abnormalities of the Lumbar Spine. — O'Reilly continued his 
investigations of the anatomic abnormalities of the lower spine. He 
found them present in a high percentage of cases. In a series of 
100 roentgenograms, some abnormality was present in 33 per cent, and 
in an examination of dried bones, abnormalities were found in 17 per 
cent. The most common abnormality was sacralization of the transverse 
process of the fifth lumbar vertebra, either fused to the sacrum or 
articulating with it. The author pointed out the fact that the presence 
of abnormalities in the so-called normal back frequently leads to legal 
complications after an injury. In order to prevent this and to protect 
the workman with a potentially weak back from serious strain, O'Reilly 
proposed that all workers whose occupations might result in back strain 
should have a roentgenogram of the spine made before being employed. 

Operation for Extra-Articular Fusion of the Sacro-Iliac Joint . — ^An 
operation for extra-articular fusion of the sacro-iliac joint was reported 
by Campbell.^® The essential feature is the transplantation of a portion 
of the posterior crest of the ilium into the posterior sacro-iliac fossa 
and packing it about with bone chips. The postoperative treatment 
consists of recumbency on a Bradford frame for a period of six weeks. 
Thus far the author has performed the operation on seven patients. 
Of these, five are apparently well, and in the other two the operation has 
been performed too recently to permit an estimation of the result. 


[Ed. Note. — ^This operation appears somewhat similar to one 
originated by Dr. E. G. Brackett about fifteen years ago. He used 
a transplant from the tibia, while Campbell employed a bone graft 
from the crest of the ilium. ■ We believe that Brackett has since aban- 
doned his operation in favor of Smith-Petersen's operation.] 


17. Osgood, Robert B.; J. Bone & Joint Surg. 9:667 (Oct.) 1927. 

18. O’Rciny, Archer: Abnormalities of Lower Part of Back, J. A. M. A. 
1128 (Ocfl) 1927. 

19. Campbell, W. C: Surg. G>-nec. Obst. 45:218 (Aug.) 1927. 
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nature and who are doomed to wear a jacket for life. Fusion operations 
should not be performed on growing children excppt in paralytic condi- 
tions and then only in case of severe deformity which cannot be held 
by other measures. In the authors’ opinion, the principal indications 
for operative treatment are: (1) rapid increase of the curve; (2) signs 
of general debility or ill health; (3) rib pressure with intercostal or 
pelvic pain, and (4) inability to hold the curve in persons with infantile 
paralysis. The first three indications are for adults; the fourth is for 
cliildren or adults. 

[Ed. Note. — We are in agreement with the opinions of the last 
authors but would supplement their operative indications by adding cases 
in which the curve is the result of an anatomic defect such as a wedge- 
shaped dorsal vertebra. Experience indicates that such curves increase 
with the growth of the patient irrespective of all corrective measures 
except fusion operations, and sometimes even in spite of them.] 

FAIN IN THE BACK 

Abdominal Symptoms Associated with Chronic Strain of the 
Spine. — Camett^® expressed the belief that midline abdominal pain 
may be caused by dironic strain of the lumbar spine and sacro-iliac 
joints. He observed the condition repeatedly. It is associated with an 
increased lumbar lordosis and increased dorsal kyphosis. Midline 
tenderness is found sharply limited to the area of the intra-abdominal 
portion of the vertebral bodies, and all aspects of the vertebrae and 
intervertebral disks that are accessible to palpation are uniformly tender. 
The majority of the patients who exhibit midline tenderness also have 
an isolated area of tenderness in each iliac fossa over the superior por- 
tion of the sacro-iliac joint. The midline tenderness has often been 
considered aortic tenderness and also sometimes mistaken for tenderness 
due to appendicitis. In many of the patients with exaggerated lumbar 
lordosis, the dominant symptoms are those of irritation of the intercostal 
nerves, which is more or less widespread but is manifested mainly by 
pain and tenderness over the abdomen, particularly in the right lower 
quadrant. 

Pain in the Lower Part of the Back in Connection with Pelvic Dis- 
orders. — ^The various causes of backache have been considered by 
Kreuscher,*® and he has pointed out the infrequenej* of the production of 
this S 3 unptom b)*’ gynecologic disorders. His chief argument against any 
relationship between uterine conditions and pain in the back is that the 
innervation of the uterus is derived from the pelvic plexus, the ovarian 
plexus and a few filaments from the sacral nerves. Consequently, 


15. Camett. John Berton : Ann. Siirg. 85:509 (-April) 1927. 

16. Krcuschcr, P. H.: Surg. Gynec. Obst. 45:482 (Oct.) 1927. 
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important, the author stated, to observe whether the pressure to be 
relieved is due to the supernumerary rib or to the normal first rib. 

The Articular Mechanism of the D/ar//jrojM.— Walmsley == reported 
tlie results of his. study of the articular mechanism of the diarthroses. 
He stated that at the majorit}' of the diarthroses two functions are 
equally to be served: (1) the function of weight transmission, which is 
accomplished in only one position and to secure which there are the 
articular mechanisms, and (2) the function of movement, during which 
the surfaces of the elements are moved on one another and maintained 
in their relations to one another by the mechanisms of mowment, 
which are the related muscles. Each function has its own mechanism. 
Walmsley said that there is one aspect of mechanism of the joints that 
has not always been taken into account in descriptions of function of 
the joints and, in fact, is by no means universally admitted, namely, 
“The definite and nonreciprocal shape of the joint surfaces which 
determines that they are in full congruence only in the positions in 
which they transmit weight and are incongruent in all other positions. 

. . . At the hip joint as the limb moves toward extension, and 
materially assisted by the anterior inclination of the neck of tlie femur, 
the capsule is progressively twisted and shortened, and, as it were, 
guides the head of the bone like a screw into its socket until at the 
position of full extension (about fifteen degrees beyond the vertical) 
the capsule is taut, the head of the bone is screwed home, the surfaces 
are fully congruent, and further movement of a larger on to a smaller 
surface is impossible.” 

[Ed. Note. — ^The author brings out a point in reference to the 
mechanism of the hip that is most important in the reduction of frac- 
tures of the hip, namel}’’, the screwing home action of the motion of 
extension. To approximate the fragments, it is necessary not only 
widely to abduct and internally rotate the hip, but also to extend it.] 

ARTHRITIS 

General Pemberton =» stated his conclusioris regarding 

chronic arthritis after a clinical and biochemical investigation of 1,200 
cases. He considered the division of the cases into proliferative an 
degenerative types the simplest and best classification. He thought that 
the role of focal infection in the production of the disease is over- 
emphasized. He noted evidence of an intimate relationship between 
arthritis and the ner\'Ous sj'stem in the frequent occurrence of par 
esthesia and other vague nen'ous sensations. In all the large groups so 


22. Walmsley, Thomas: J. Bone & Joint Surg. 10:40 (Jan.) 1928 . 

23 . Pemberton, Ralph: Michigan State M. J. 26:599 (Oct.) 1927. 
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MECHANICAL DISTURBANCES, ANATOMIC INVESTIGATIONS, 

CERVICAL RIBS 

Comical Ribs . — From a study of patients with cervical ribs treated 
at the Mayo Qinic, Adson and Coffee drew the following conclusions : 
In about 55 per cent of the cases cervical ribs do not cause anv s}Tnp- 
toms, and patients in whom the condition is discovered purely by acci- 
dent ouj^ht not to be informed of it, as this knowledge is apt to give 
rise to neuroses with symptoms referable to the rib. The surgical 
indications depend on the degree and the character of the incapacity pro- 
duced by the presence of pain, hj'peresthesia, anesthesia and circulatory 
disturbance. Surgical treatment ought not to be advised for the relief 
of mild, indefinite pain in the neck and shoulder. The authors con- 
sider that the anterior approach and tenotomy of the scalenus anticus 
muscle are preferable to the transcervical approach and resection of the 
cervical rib, since the same relief is obtained, the procedure is less for- 
midable and postoperative numbness in the arm and palsy of the 
brachial plexus are avoided. 

[Ed, Note. — ^It is to be remembered that symptoms apparently due 
to cervical rib may often be relieved by orthopedic treatment directed 
toward improving posture and relieving irritation and mechanical dis- 
turbances of the cervical spine. Such treatment ought to be given a 
trial before operation is resorted to. As far as not telling the patient of 
the accidental discovery of a symptomless cervical rib is concerned, we 
do not agree with the authors. Leaving aside the ethical question which 
is here raised, we believe there are few patients injured by the frank 
discussion of the condition found on examination, provided that the 
harmlessness of the condition is explained.] 

Pressure ou the Brachial Plexus by the Normal First Rib. — Brick- 
ner®*^ made a study of patients with symptoms of pressure on the 
brachial plexus caused by a normal first rib. He reported six cases of his 
own. In the less severe cases the symptoms are pain in the arm. 
paresthesia and other phenomena. These may be relieved by elevating 
the shoulder and ly exercising the trapezius to keep the shoulder ele- 
vated. Three of the author’s cases were of this type, the symploin.s 
probably being due to the dragging of the brachial plexus over the 
first thoracic rib. In the more severe cases all the phenomena of 
pressure by a cervdeal rib are produced by the pressure of an abnormal 
or even a normal first thoracic rib. Several of the patients required 
operative treatment and were relieved by resection of the first rib. 
When an operation is performed on a patient with a cervical rili. it is 

20. Adson, Alfred W.. and Coffey, Jay R.: Ann. Svirp. 85:839 (June) 1927. 

21. Brickner. Walter M.: Ann. Sun;. 85:858 (June) 1927. 
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Bacterial infection may have provided the final thrust which started the 
disease. In the author’s opinion, sucli patients are never cured or the 
condition arrested by any single fine of attack such as removal of foci 
of infection. Hypertrophic arthritis presents an almost opposite pic- 
ture. The patients are usually of the thickset type. Bacterial infection 
is not the cause of the condition, and it cannot be cured by removal of 
the local foci. Schauffler expressed the view that in the infectious 
type removal of the foci of infection and the administration of iodoxy- 
benzoate sodium or ammonitun intravenously with careful technic is the 
most efficient treatment in subacute and chronic cases. 

Etiology. — Cecil discussed the etiology of chronic arthritis. His 
views may be summarized as follows; In infectious arthritis, the 
inciting cause is focal infection. The predisposing causes are old age, 
overweight, faulty posture, occupation, physical defects and exposure. 
In metabolic arthritis or gout, tlie exciting cause is uric acid. The 
predisposing cause is purine diet and heredity. 

Jones ■“ expressed the belief that the lesions in the joints of per- 
sons with osteo-arthritis are end-results which may be arrived at by a 
variety of pathologic states. Quantitative and qualitative alterations, in 
internal secretions led to disturbances in the normal current of metabo- 
lism. It .is the opinion of the author that the disease is due to nutritional 
alterations in the articular structures. They are not inflammtory. 
Hypothyroidism is common in the disease. Trauma is often the inciting 
cause. There are two stages in the history of osteo-arthritis. The 
primary stage is marked by s}Tnptoms of villous overgrowth. The later 
or terminal is the osteo-arthritic phase. Static factors are important. 
The disease should be recognized in the initial stage. Roentgen-ray . 
examination is usually negative in the early stage. 

Relation of Surgical Pathologic Conditions of the Right Loiver 
Quadrant to Chronic Arthritis. — Discussing the relationship of surgical 
pathologic conditions of the right lower quadrant of the abdomen to 
chronic arthritis, Taylor ■’ described the lesions he had been able to 
demonstrate in patients affected with this disease by roentgen-ray exami- 
nations after the patient had ingested an opaque meal. The authors 
studies and observations are of interest in suggesting the amount of 
information that may be obtained in regard to the presence and causes 
of intestinal stasis by thorough work and enthusiastic cooperation 
between the roentgenologist and the clinician. They point to an associ- 
ation between intestinal conditions and polyarthritis. 

25. Cecil, R. L.: Southern M. J. 21:20 (Jan.) 1928. 

26. Jones, A. B. : M. J. & Rec. 126:557 (Nov. 2) 1927. 

27. Taylor, Raymond G.: J. Bone & Joint Surg. 10:62 (Jan.) 1928. 
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far studied, women predominated. In the group studied by the author, 
exposure played an important role. Anemia also occurred more fre- 
quently in the women who had arthritis. Pemberton’s biochemical 
studies showed that the nitrogenous metabolism is normal in the disease : 
hence, there is no reason to restrict proteins in the diet. On the other 
hand, evidence of slowed sugar metabolism has been frequentl}* noted, 
which the author explained on the basis of poor circulation with less 
oxygen available for the consumption of the sugar. The blood does 
not appear to reach the tissues adequately. In a study of the red blood 
count in arthritis, it was found that the first drop of blood had a lower 
count than the fourth or fifth, which is the reverse of normal. By 
studying the capillaries by Lombard’s method, the author found them 
to be less well filled with blood than normal. The capillaries appeared 
to be contracted. Because of this observation the author experimented 
with the administration of sodium nitrate in persons with arthritis, but 
is not yet ready to evaluate the therapeutic efficiency of this measure. 
The author observed proliferative changes in the patellae of dogs after 
ligation of the blood vessels to the patella. Pemberton stated that with 
the exception of removal of foci of infection, vaccines and nonspecific 
protein therapy, the measures used achieve their effect through their 
influence on blood flow or metabolism, or both. Arsenic is of value in 
the treatment of the anemia. Colonic irrigation and colonic massage 
are sometimes helpful, but in the author’s opinion regulation of what is 
t^en into the mouth is of more value. He considered the development 
of the mechanistic conception of disease and orthopedic treatment based 
on it a distinct advance. In conclusion, the author attempted to answer 
the question of what avail is treatment. Of 188 patients who were 
"followed, 24 per cent were completely cured and 73 per cent were 
definitely improved. He expressed the opinion that most of the present 
sufferers from arthritis could be saved for a useful life by the methods 
of treatment now at our command. 

Schauffler,=* writing on the subject of chronic arthritis, urged that 
every physician use some simple method of classification and familiarize 
himself with the major characteristics of each group in order that he 
might treat his patients tp the best advantage. He has found the most 
serviceable clinical gfrouping to be that of Goldthwait: (1) infections; 
(2) atrophic; (3) h 3 q)ertrophic arthritis. He stated his belief that 
the pure infectious t 3 rpe is always due to bacterial infection. *1 he 
atrophic type is of a different character. The patients are usually of 
the visceroptotic type and have always been somewhat delicate. 1 here 
is usuallv a histor}' of worry, overwork or mental shock, and there 
•is evidence of disturbed body chemistrj* or of endocrine imbalance. 


24. Scliaufflcr, Robert SI.: Arthritis, J. A. M. A. S9:174S (Xov. IP"! 192# . 
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only from 2 to 3 per cent. In a series of 107 cases, the distribution 
according to sex was males, 97; females, 10. Thomas -believed that 
the precipitating factor is not infrequently trauma, either directly to 
the joint or indirectly in the form of ill .advised or careless urethral 
instrumentation and treatment, excessive activity or sexual excitement 
during the acute stage of the urethritis. The arthritic symptoms usually 
manifest themselves during the second or third week ; the earliest case 
recorded is five days. However, involvement of the joints may super- 
vene at any time throughout the acute or chronic course of the disease 
or in the presence of urethral or uterine adnexal complications. In 
Thomas’ experience, the symptoms have been polyarticular in 58 per 
cent and monarticular in 42 per cent. The joints have been involved 
in the following order of frequency: knee, 58 cases; hip, 50; wrist, 21 : 
shoulder, 19; phalangeal, 17; elbow, 13; metatarsophalangeal, 8; spine, 
8; metacarpophalangeal, 7; sacro-iliac, 1; temporomaxillary, 1, and 
sternoclavicular, 1. In respect to- treatment, Thomas called attention to 
what he believes is a current mistake on the part of the orthopedic 
surgeon and the genito-urinary surgeon; namely, that they center too 
much on the treatment of tlie joint or the prostate or the seminal 
vesicles as the foci of infection, with apparent lack of appreciation of 
the fact that the condition is a septicemia. Thomas felt that the 
first step should be to treat the blood stream infection either by biologic 
therapy or by chemotherapy; second, to eradicate the focus or foci 
of infection in the genito-urinary tract, and third, to treat the involved 
joint or joints by local methods. 

ITa he Continued) 
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Smith -® expressed the belief that intestinal stasis is responsible for 
many cases of pol}'arthritis, and that in certain cases surgical inten-ention 
to relieve the cause of it is required. However, this should never involve 
resection or sidetracking of the involved portion of the intestine. He 
also believed that implantation of Bacillus acidophilus in the cecum is 
helpful in certain cases. 

[Ed. Note. — Surgeons were at one time enthusiastic in the attempt 
to rdieve persons with intestinal stasis by operations. Numerous oper- 
ations were performed in different disease conditions, including arthritis. 
The results were disappointing, and the radical method of treatment has 
been generalh- abandoned. Smith obtained some interesting results, 
and his work is suggestive and should be continued. Its chief value at 
present, however, is again to call attention to the importance of the 
intestinal factor in the treatment of persons with arthritis. The present 
armamentarium of the physician is varied and large enough to deal 
with this condition without resorting to operation.] 


Treatment of Arthritis v:ith 0-Iodoxybcnsoic Acid . — Of twenty- 
one p?ripnts -vrith chronic arthritis who were treated with salts of 
o-iodoxvbenzoic add, Cottrell” found that all but three showed 
improv^ent. The relief of pain v.-as often prompt and marked. In 
the majoritj.' of chronic cases, there was an improvement of function 
from a slight to a marked degree. In the author’s opinion the drug is 
best given in courses of from six to eight doses semiweekly, with from 
three to six weeks' rest between each course. Intravenous admini.«- 
tradon is the method of choice, although the drug may ?«: given orally 
in capside form. The latter may be foUowed by nausea. 

Gonf.— According to Harbinson.=" gout is probably often overlooked. 
iTT 0-" the bodv should be examined for tophi. It .should be 

r^^^ed'that in t^ condition bursae often l^ecome infiamed. The 
'eu ^de by examination of the tophi. The author places con- 

" T ' determination of blood unc add and advise.- 

be inace in every patient with obfoirc pa:n.- in 

mtr add content of more than 5 mg. s- sug^e-rive 
-tejouita. -- D— J- ^ -vhich the blood uric add may b: higi: 

r- m-rr OdtST CCUU— iJ— ... j : ’ ••t .. T* 

- 3_--5-££.in:ersdtiaIr.ep.nr.ti5and feonle suites. T::- 
•ce tsukemia. p---.j-g ^ -j— diminated. The protein may l/e jug;:, 
^eatment is to use. 

'-jdd drtrm is s-j— -. ihat the ir.dder.ce o: sn:.- 

Gczarrhcc- ■' r.tt great, awr.a-jir.j' 
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at that time, which is composed only of the identical tissues that are it 
state of active hyperplasia in the normal parts of the same- breast. 

(a) At Birth and Puberty . — My conclusions are based on exan 
nations of the breasts of children (male and female) who were bo 
dead ; of those who were in the years immediately preceding puberl 
and of those who were at the age of puberty. The deaths of many of t 
children whose breasts were examined occurred at full time and we 
due to traumatic causes ; the conditions of their breasts could not possil 



Fig. 1. — ^licroscopic appearance of part of a male breast at birth— full terni 
The death was caused by a rupture of the tentorium during birth. At A, B am 
C, the pericanalicular and pcriacinous connective tissue is in a state of hyper 
piasia among the fibers of which lymphocytes have accumulated. There is i 
desquamative epithelial hyperplasia in the acini and terminal ducts. There is n< 
elastica in this breast. Compare with figure 2. 

be assigned to antenatal disease. The morphologic appearances 1 
describe are those of normal active changes and are present in varying 
degrees in all breasts at birth and at puberty. 

It is impossible to distinguish between male and female brea.st^ at 
birth, but the subsequent changes, at pubert 3 % for example, are more 
marked in females; therefore, I shall describe only female breasts m 
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In writing this paper, I have had several objects in view. The 
first object is to place the so-called “chronic mastitis” in it.s correct 
etiologic and pathologic position. Its morphologic appearances ate 
identical with those of the physiologic active state at birth, at piiliertx 
and in certain phases of lactation (fig. 1). This active state become- 
pathologic (fig. 2) when it is present at from about 30 to 45 years of aj't' 
and induces diffuse pain, and when fibro-adenomas (usually of the same 
type as those which form at puberty) develop in its occupied area- 
(figs. 3 and 4). These two separate occurrences belong to the condition 
to which the term “clironic mastitis” is so universally applied. 

A second object is to point out that the commonest type (fig. 0) m 
fibro-adenoma that occurs at puberty is a local exaggeration o l le 
physiologic and active hyperplasias which are normal at piuerl). . 
third object is to point out the importance of a state onnations o 
epithelial tumors in the ducts and acini — ^which crops up tie Jtera ure. 
of a pathologic condition in several guises and disguises, me u mg la 
of “cysto-adenoma.” A fourth object is to describe a true adenoma i 

the breast. 


ETIOLOGY AND PATHOLOGY OF CHRONIC MASTITIS 

In this part of my paper I shall describe (a) the ^ 

the normal active morphologic appearances present m i j^vL-pen 
birth, at puberty and in lactation- (&) the etiologjc 
the activity of the breasts at birth, at puberty an m 

lactation, and the Morphologic ^crihe'lJtWic a 

associated with the term chronic mastitis, and 1 ) imberiv 

.hat between the general active Ite ".ri-.:. 

and the formation of the commonest type of 


1. ^^^liIe writing the results of my Ol.'t- 

some of the contents of an article by John Fraser ‘ i„.5. n-.- I 

[Sept.] 1927). I am glad to sec that he shares m> co j, v.:.:-'; 

of examining breasts is to cut whole sections o , ! su fir:" “ • 

have adopted and taught for thirtj' years, I c”* * 
not in celloidin. 
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thrae periods. The changes occur mainly in the terminal ducts and 
acini, and concern hyperplasia of the epithelial, pericanalicular and 
penacinous connective tissue. 

At birth, the epithelial hyperplasia may be one of two kinds, one 
type being desquamative and the otlier formative or genetic. That one 
type may sometimes be more obvious than the other depends on the 
stage reached in development. The desquamative type belongs to the 



Fig. 4. — Microscopic appearance of the fibro-adcnoma B in figure 3. 


later stage. I will not refer to the formative type here; I may say, 
however, that these genetic morphologic appearances are like the more 
dangerous states of dysgenetic epithelium which are seen in pathologic 
glands in later life. 

In the desquamative type of epithelial hyperplasia at birth, to which 
I now refer, the ducts and acini of the whole breast are filled by small, 
irregularly shaped, badly staining epithelial cells %vhich have been cast 
oflf and are incapable of further life. Also, around the ducts and acini 
of the whole breast there is an extensive h}'perplasia of rather looseh 
constructed pericanalicular and periacinous connective tissue among the 





Fig, 2. — Photomicrograpli of part of a whole section of breast removed from 
a married woman, aged 38, who had three children, the youngest being 8 year> 
old. Extreme pain in this breast had been borne for eight or ten years. The 
photograph has been taken at the posterior margin of the breast I), At /> there 
is a slight undulation which would not i>c appreciated by digital palpation. I< 
points to a lobule in which there is hyperplasia of the pericanalicular and peri* 
acinous connective tissue among the fibers of which lymphoo'tcs have accumulated. 
In the terminal duct A there is a desquamative epithelial hyperplasia (type at 
which can be seen in the acini. The epithelial hyperplasia is di.stcndiug these 
structures. There was no discharge from the nipple. Compare with figure 1. 



Fig. 3. — Microscopic appearance of stxtion «if wliole hrea-i whicli wa'- r* !')--'. 
sulicutaucousiy from a married woman, aged A2. Muliijilc ejNt- ami \-.i 
the cause of its removal. In the more dense IiHiking pan- »•{ tin- M*ctv ii. ti.- 
were the same signs as those seen in fignre» 1 and 2. In additi- u, /> 
there were fibro-adenomas in various stage'* «•! formati'-n, of whicii !• i- t!>' r.'. * 
ad\anced. They Wlong to the t\pe of the usual filiro-aili-n'-ma 
puberty. 
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complain of diffuse pain in their breasts. The morphologic appearances 
in these breasts are those on which the supposed manifestations of 
inflammation are based. They cannot be regarded as being inflammatory 
any more than can the same active normal signs which are present 
at birth and puberty. 

Paradoxic as it may seem, “chronic mastitis” is really a physiologic 
process which has become pathologic by being present when it should 
be absent, by developing an excess of desquamative epithelial hyper- 
plasia which induces pain by distention (fig. 2 A) and by possessing 
the same liability as the breast at puberty to form fibro-adenomas which 
may or may not develop acini within their formations of tumor (figs. 3 



Fig. 6. — Microscopic appearance of a small iibro-adenoma taken from B in 
figure 5. It is the usual type of fibro-adenoma that occurs at puberty and shows 
the dense hyperplasia of the periacinous and pericanalicular connective tissue. 


and 4). For some inexplicable reason, the breasts of some women at 
an y age between 30 and 45 exhibit the state seen at birth and at 
puberty. 

A new and more descriptive name than chronic mastitis is wanted; 
in my previous communications on tlie subject I have described it 
under the heading of “Desquamative Epithelial Hyperplasia type A. I 
do not look on it as a dangerous state, and it may remain uncomplicated 
by another pathologic process. 

Clinicians are apt to describe these breasts as being nodular ajl over 
their anterior surfaces. The posterior surfaces, which are clinira 
inaccessible, are smooth (fig. 2 D). The anterior surfaces of t wsc 
breasts, and of most breasts of w’omen at this period of life, are i 
Slimed to be nodular, for the following reason: As the glands hcco 
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fibers of which lymphocytes are present (fig. 1). These appearances 
are constant, and I regard them as part of a normal ph 3 'siologic process 
of development. 

This enormous activity ceases in the years between birth and puberty 
and after lactation. After birth and before puberty, the desquamative 
epithelial hyperplasia ceases; there is often almost a complete atrophy 
of the pericanalicular and periacinous tissue, and the connective tissue 
that is more obvious than any other is the ordinarj- supporting connec- 
tive tissue of the breast. 

At puberty the whole condition seen at birth recurs in more regular 
and less rampant formation, and hmiphocytes also reappear among the 
increased and actively reforming pericanalicular and periacinous con- 



Fig. 5. — ^Microscopic appearance of a segment of breast removed from a 
married woman, aged 22, who had noticed the lump A for four years. A is a 
libro-adenoma belonging to the type that usually occurs at puberty. I'iRure (t 
shows B in this figure. On the edge of the tumor at A there has been .'ll! 
enormous increa.se of normal looking acini (see fig. 7 R). 

nective tissue. New acini form and take their i)ari in the enlargcnieni 
of the breast. After piibert}', there is again a great tleal of airojdty of 
the acini and also of the pericanalicular and periacinous connective ti>.<ue 
and a cessation of desquamative epithelial Inqxirplasia. 'I'lie ;i])pear;ince‘» 
of this latent state may remain more or less constant tlirongliout life 
if lactation does not occur. 1 now j>ass on to the merging of the-e 
normal changes into pathologic states. 

(&) Etiologic and Morf>hoIogic .-l/'/’rimifJiT.T. — In the flr^t pathulMgir 
state, namely, the so-called “chronic mastitis.” the morjdiologic apj-var- 
.-tnees in the epithelium and pericanalicular and i>eri:icinitnN omr.tv.ivr 
tissues are identical with the active states I have described in. bri-:.*:- 
at birth and at puberty (compare fig. 2 with fig. 1 ». 'I'l’-ey are 
between the ages of oO and 45 in many women and in a few int-:; 


• • T 
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former, instead of being comparatively loose, is much more dense and 
compact than in the rest of the breast and affects only a segment of the 
breast. The size of the segment affected differs in various tumors. 
The epithelial changes are also those of desquamative epithelial hyper- 
plasia. In some of these tumors of puberty there is also an enormous 



Fig. 9.— Photomicrograph taken from figure 8. B and B is a “"j 

taining papillomatous and sessile dysgenetic epithelial hyperplasia. At 
a collation of acini which are distended by the same type of sessile epithelial 


growth. 


dwelopment o£ adni (fig. 7) which furth^ ,hr!t^t of 

likeness to the physiologic hyperplasia that is j . ^ 

the breast at puberty. I particularly wish to poin 
commonly begins at puberty and originates in the sa 
are normally active at puberty. The whole tumor m - ^ 

being a more or less localized per^^ersion of a normal pln.siolog.c 
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pendulous, and especially after lactation, the liganienta suspcnsoria of 
Sir Astley Cooper become thickened. The thickened branches as they 
approach the skin to which they are attached include fat lobules whicii 
are so isolated in the process that they appear as separate nodule.*^. 
If the skin of these breasts is undercut the cutaneous attachments of 
these ligaments are divided, and the underlying structures then feel 
smooth, and nodularity is not found. 

(c) Etiologic Association Betsveen Active Changes in Breast ami 
Pibro- Adenoma. — ^The second pathologic condition to which I refer is 
the etiologic connection that exists between the active (figs. 5. 6 and 7 > 



Fig. 8. — Plioloinicrograph of whole horizoHtal sectiun of hres'-t fnwi .i inarrie*! 
woman, aged 36. Removed for the presence of the loc:«li7e<l iMinfiil n<<t!nl:irii> 
due to the lesion seen on the left of the section. The affected dnet ami its hranclsv' 
can he seen to be dilated from the prominent nipple in the center oi the sectii ts tn 
the periphcr>’ where there are comparatively large cy-sts which contain dy*ve:n.!!i' 
epithelial hyperplasia seen at A and B of tigure 9 and at .1 and />’ of t.gure I'* 
Carcinoma is not present in this breast. There was no di'chnrge •■! anj- J.in*; 
from the nipple. 


changes at puberty and the funnatioii t»f that type i»f 
which is the most common one at that time, rrcci.-ely tin- s:;!!’.- ti'- 
sucs which form this tumor are actively nnderg«ti!tg inirm;:i Ijyp'.rji':.'* ■. 
in other parts oi the breast at the same time; the p:itb.t.’.t-^;c ■■■ 

between the libro-adenoma and the rest of the breris*. th’;*. ti’-e i.tj 
plasia of the pericanalicular and pen.-iciu' >u- c.inr.ective 
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must be negligible when compared with the new. glandular formation 
that occurs in the adenoma described in the latter part of the paper; 
(2) that it is commonly composed of a series of separate tumors-^ 
papillomas and sessile epithelial growths in preexisting ducts and acini— 



Fig. 11. — Photomicrograph o£ whole section of hreast in which arc all the 
morphologic appearances seen in figures 8, 9 and 10. The section was made 
vertically in order to show the triangular form of the slate described in the 
text. A points to the apex of the triangle in front of which the nipple was situated. 
The lines BB point to the limits of the base of the triangle. The lesion was in 
the depths of the breast. Palpation revealed only a density in its area of occupa- 
tion. Carcinoma is not present in this breast. There was no discharge of an* 
kind from the nipple. 
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Recognition of the fact that tliere is an etiologic connection bet^Yecn 
the pathologic changes I have mentioned and pln'siologic activity makes 
a clear and comprehensible point from which to begin consideration of 
all problems related to the incidence and genesis of pathologic (dys- 
genetic) hyperplasia. 
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cysto-adenoma of the breast has no more right to the term than the 
multiple adenomatous papillomas of the colon, which the changes in 
cysto-adenoma of the breast so closely resemble. No one suggests 
calling the condition in the colon cysto-adenoma. The origin of the 
term as applied to the breast can be explained in the following way; 
The ducts of the breast are not of large caliber like the tube of the 



Fig. 13 . — ^Photomicrograph taken from upper and central parts of the Jesion C 
in figure 12. The ducts are full mainly of papillomas, and the dilated acini art- 
distended by a sessile epithelial hyperplasia. They are more obvious around the 
margins of this section. A marks the spot in ivhicli the carcinoma had begun 
(see fig. 14). 


colon ; they are tubes of small caliber whicli become convoluted and dis- 
tended and when cut in sections for microscopic examination look like 
separate cysts, wdiereas they really are parts of convoluted tuhc.s in per- 
fect continuit)'. It is important to know all about this state, bccall^c it 
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Fig. IS. — Part of a whole section of a breast removed from a married woman, 
aged 44. Removed for pain which corresponded in situation to an area of density. 
There was no dischargee of any kind from the nipple. The epithelial hyperplasia 
was papillomatous in the ducts to a much less degeree than in the breasts shown in 
figeures 8, 11 and 12, and was much more sessile in character. There is early 
carcinoma in this breast at A, shown in figure 16. The axillary lymphatic glands 
were not affected. 



Fig. 16. — Drawing of A in figure 15 under higher magnification showing 
terminal ducts and acini filled with a sessile dysgenctic epithelial hyperplasia, n 
two of the terminal ducts, it has undergone colloid degeneration. Some cpit c la 
cells have escaped and are invading the connective tissue of the breast. 




CHEATLE— DISEASES OF THE BREAST 


5A7 


is often regarded rather casually as being free from danger, whereas, in 
realit}', it is so pregnant with probable danger in all instances and with 
positive danger in some that when it appears most benign it should be 
regarded as closely allied to carcinoma as the multiple adenomatous 
papillomas of the colon. On the other hand it is sometimes described, in 
exaggerated examples, as being carcinoma, when in reality all the 
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is not present in these breasts. In figures 12, 13, 14, 15, 16 and 17, the 
distribution of the disease is affecting precisely the same regions. In 
figure 16, taken from figure IS, and in figure 14, taken from figure 12, 
there is undoubted carcinoma which has spread among the supporting 
connective tissue of the breasts and has not affected the fat outside the 
breast nor the axillary lymphatic glands. The same state may be seen 
in the ducts and acini of figure 17. In this specimen the cardnoma has 
invaded the connective tissue of the breast, has undergone colloid degen- 
eration and has spread to one lymphatic gland in the axilla. 

When carcinoma does not originate purely in the terminal ducts 
but when its acini also contain the original malignant epithelial hyper- 
plasia, the state can be seen witliout exception in every early case of 
carcinoma of the breast, and sometimes it can be demonstrated — ^if the 
elastica is particularly stained — in late cases of cardnoma when nearly 



Fig. 18. — Drawing of a whole section made from the breast of a married 
woman, aged 56. There is a large dilated duct, on the right of the nipple, in 
which there is a tumor (A) with a papillomatous attachment to its wall. The 
continuation of the duct is also dilated and contains papillomatous and sessile 
epithelial hyperplasia (B). There was no discharge of any kind from the nipple. 
The tumors were benign. 

all the morphologic evidence of its site of origin has been lost in the 
cliaos of growth and spread. Lastly, it is an important and dangerous 
state on account of its dinical obscurity when it exists in the substance 
of the breast, both when carcinoma has not begun and also when 
carcinoma is present in its earliest stages. If the condition appears in a 
duct the distribution of which is on the surface of the gland, and when 
there is only a thin layer of fat between it and the skin, as shown m 
figures 8 and 12, its presence can be detected by a localized triangular 
nodularity with the base toward the periphery of the gland (fi^- 
and 17). I cannot exaggerate the importance of local nodularity a 
a clinical sign. When it affects a surface diet and when the layer ot a 




CHEATLE— DISEASES OE THE ERE AST 

the complete distribution of the epitlielial growth caji he seen to !«• 
diffuse in the affected ducts much more often than is generally mij)- 
posed. With the aid of these large sections and also with that of 
certain clinical features, I will next point out the importance and 
danger of the subject. Later, I will describe the Jiatnrc of the epithelial 
hyperplasia. 
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as it traverses the gland to reach the periphery and a short branch 
directed backward to reach the posterior surface of the gland. Through- 
out the courses of ducts, lobules of acini are connected to them by 
smaller ducts. During lactation, the nipple is crammed with acini and 
is distended to so great an extent that morphologically they appear to 
be the main constituents of the nipple. After lactation, they disappear 
completely. 



Fig. 20. — ^Tumors B situated lower down in the same duct A of figure 18. The 
papillomas have undergone the same development into glandular reproductions of 
less tj'pical character compared with A in figures 18 and 19. 


The epithelial hyperplasia of this so-called “cysto-adenoma ^ maj 
exist only in the duct as it passes through the nipple or only m the 
ampulla of a duct, or it may exist only in the main branch before it 
divides (figs. 18 and 21). On the other hand, it may extend throughout 
the whole course of a duct from the ampulla to its peripher>' and 
involve the acini to such an extent that they all contain some form of 
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Ijclwecn it and the skin is thick, its clinical sijms on palpation rcM-niMc 
the same condition when it is in the substance of the ji^land. In both 
these instances it appears as a localized lesion, harder than the rest of 
the gland and inca])ablc of further diagnosis by ]}alpation. Pain that 
usually accompanies this state is always referred to this denser area of 
llie breast. There may also be a historj* of an intennitlcnt <Iischarge of 
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effect the duct iu two ™ ““* “ “*“• K ™v 

tomor is of this tvoe it ‘ ^ japiHoimtous. When Ihi 

duct The papillomas arising from the intra-elastica do not branch so 

small, and 

p thelium piles itself on the top of tliem. The papillomas containing the 



Fig. 22. — PhotomicFograph of whole section of breast removed from a married 
woman, aged 48. The main part of the epithelial hyperplasia is confined within 
the boundaries of normal ducts and has a decided papillomatous arrangement of 
less orderly character than that in figures 18, 19, 20 and 21. At the lower left 
part of the periphery of the tumor, epithelial cells have iiiTOded the connective 
tissue. There was no discharge of any kind from the nipple, and the axillary 
lymphatic glands were not affected. 


elastica may undergo various changes. They may appear as small 
growths, but usually they branch extensively and the epithelium on the 
tips of their branches coalesces with branches of the parent papilloma 
and with those of contiguous stalks to form alveoli lined by epithelium 
(figs. 10 .4 and 5). A papilloma may more rarely develop into an 
arrangement whicli constitutes a small mammaiy' gland or adenoma 
containing ducts and acini (figs. 18 and 21). When this process occurs. 
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the dysgenelic epithelial hyperplasia. I have a .‘'peciincn — pre.»cnt<.ii ji* 
me for examination by Jlr. Sampson Ilaiidley — in which the whfU- 
lengths of two ducts and their acini are invf>lved in this manner, .\iiain. 
only one of the main branches may he thus alTccied throughout it- 
course (figs. 8, 11, 12, 13, 15 and 17) or even a few or only one «>f it- 
terminal branches and acini may contain tite epithelial hyperplasia. 
There are no clinical signs on which a limited dislribtnion can In; di.’ig- 
nosed from an extensive one, and no one can tell from clinical si^ns 
whether he is dealing with a growth only in the amptilla "r 
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tain a carcinoma ; for example, it is hard to believe that all the epithelial 
changes seen in A, in figures 22 and 23, in which carcinoma is present, 
did not begin in this way, and it is probable that the advanced cardnonin 
in figure 24 is an advanced tumor which had the same origin. Accom- 
panying the papillomatous tumors there is generally a sessile epithelial 
hyperplasia without any fibrous stalks, which may completely fill a portion 
of a duct. Sessile and papillomatous formations are commonly seen 
together when long brandies of ducts are affected. Sometimes the 
sessile epithelial hyperplasia is more in evidence than the papillomatous. 
If that is so, the state is more dangerous than if it were chiefly papil- 
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or other the epithelial cells have 

pected arcmoma is present (figs 2 f 

discover the focus of exit of ^e n *“ 

of sections carefully cut in series. ® ®«‘'”"»tion 


PURE 


adenoma op the breast 

nf n/ P^P®*' describe the purest tvoe 

of adenoma I have observed in the breast. It is a rere Ld ij^ 



Fig. 26. — A representative part of the adenoma A in figure 25. 


tumor. On the one hand, it differs from tlie cysto-adenoma by a massive 
new formation of pathologic adenomatous elements — a new formation 
of ducts and acini does not occur in c)'sto-adenoma. On the other 
hand, the pure adenoma differs from a fibro-adenoma, in which a new 
formation of ducts and acini may occur (fig. 7), by a complete absence 
of the dense hyperplasia of the pericanalicular and periacinous con- 
nective tissue which is characteristic of fibro-adenoma (fig. d). 
pure adenoma resembles the cysto-adenoma by exhibiting papillomatou.- 
and sessile epithelial hyperplasia which dilates the stnicturci? in whic i 
it grows. The feature which distinguishes the pure adenoma from a 
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At the operation, the tumor was as large as the girl’s fist Enlarged 
lymphatic glands were not found in the axilla, and the girl was well 
two years after the operation. 

The second example of this type was a tumor removed from a 
married woman, aged 34, who had three children. The microscopic 
appearance of this tumor is shown in figure 27. The tumor consisted 
of a massive new formation of pathologic adenomatous elements chiefly 
composed of dilated acini. They may lie in juxtaposition or they may 
be separated from each other by loose connective tissue. The epithelial 
elements may consist of a simple layer of cuboidal shaped cells. The 
cells may pile themselves on the top of one another to form columns 
three or four cells in height, and the epithelial cells may grow on 
delicate fibrillous stalks to form papillomas which do not branch. Col- 
lections of cells may be sessile (fig. 27). 

Clinically, the tumor was growing. The exact pathologic state was 
not c lpar at the operation, and the gland was removed as for carcinoma. 
Microscopic examinations proved that none of the axillarj'' lymphatic 
glands was aflFected. The patient was well twenty years after the 
operation. 



*'^•1 Xl ***.. •*«. *••• •• 
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organism into anim^ te produced lesions in the colons of rabbits and 
ogs in ^ essentials bke those found in man. Thus, the disease has 
^ ratabhshed m m infection of the colon, and for want of a better 

T^e infection of the colon is severe and carries with it serious 
complKations and sequelae, such as polyposis, perforation, stricture, 
hemorrhage, perirectal fistula and abscess, endocarditis, splenomegaly, 
mesenteric thrombosis, ocular phenomena, tetany, severe anemia, 
arthritis and malignant disease. The malignant condition, although not 
common, is undoubtedly the one most dreaded. 

In the records of the Mayo Clinic from 1916 to 1927, inclusive, I 
noted reports of twenty-three cases of chronic ulcerative colitis in which 
it was believed, because of various clinical and pathologic signs and 
symptoms, that a malignant disease of the colon had developed. Post- 
mortem examination in three of these cases failed to reveal malignant 
disease. There was, instead, extensive ulceration and polyposis. In 
three others the proof was large filling defects in the colon, with sudden 
and rapid change of symptoms, obstruction, cachexia and anemia. A 
specimen for diagnosis was not obtained. In the remaining seventeen 
cases the condition was proved to be malignant, either by the specimen 
removed or at necropsy. 

I shall include in niy discussion, therefore, twenty cases of malig- 
nant disease, the seventeen in which the condition was proved by 
examination of tissue and the three in which it was proved by clinical 
diagnosis. The age incidence in these cases is significant. Whereas five 
patients had attained the age of 50 or more, the other fifteen were 
between 21 and 45 (three were aged 21, 23 and 26 years, respectively: 
six were between 30 and 39; six were between 40 and 45). Only one 
patient (a woman, aged 53) gave a history of malignant disease in the 
family: two uncles had had carcinoma. Nineteen patients were white, 
one was a mulatto. Fourteen patients were farmers; one was a laborer, 
one a railroad conductor, one a lawyer, one the wife of a physician, and 
two were bookkeepers. Symptoms of chronic ulcerative colitis were 
complained of for from three months to thirty-five years before admis- 
sion. Only one patient had had symptoms for thirty-five years: tie 
average duration of symptoms of the other nineteen was six years. 

The medical treatment had varied, as is usual m these rases- n a 
few cases, injections of vaccine had been given snbciitancously: in ^ 
of them, irrigations with one or another of tte so-called laleslmsl 

antiseptics had been given. . - . 

In most of the cases, a fairly definite change of g. 

elicited by which the beginning of the mahgnant process 
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REPORT OF ILLUSTRATIVE CASES 

Case 1 . — boy, aged 9 years, first came to the Mayo Clinic in 1915. He had 
suffered with diarrhea for a year or longer, and was passing from five to six 
stools a day which contained much blood, mucus and pus. As he lived only 
twenty miles from' Rochester, he visited the clinic during the following ten }’cars 
whenever the trouble became severe, which was several times each year. On his 
first visit he was placed on treatment for amebiasis, which consisted of emetine, 
hydrochloride, administered hypodermically, and irrigations of coal-oil. Repeated 
examinations of the stools did not reveal amebas or parasites of any kind. A 
diagnosis of colitis was made proctoscopically. Every cold caused an cxaccrba> 
tion of the colitis, and the patient had colds and tonsillitis at all seasons of the 
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Case 2. — A man, aged 26, came to the Mayo Clinic on Oct. 2, 1925. He said 
that about ten years previously he began to have bloody purulent rectal discharges 
with frequent watery -stools. At -first this occurred at intervals with remissions. 
In 1917, he was well enough to be admitted to the army, although he did not tell 
the members of the examining board of bowel trouble. While in the army he 
spent most of his time in the hospital, a severe exacerbation hanng occurred in 
1917. He passed from twenty to twenty-five bloody stools daily, many of them at 
night. He had been discharged from the army partially disabled and was well 
until 1922. From then until his admission into the dime, diarrhea had been con- 
tinuous, and his vitality was low. During these years, an average of from si.x to 
eight stools was passed a day. He had lost IS pounds (6.8 Kg.) in the last two 
years j his weight on admission was 128 pounds (58.1 Kg.) . 



Pus and blood were found in ^"plococcus. On October 2, 
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pain was relieved by bowel movement. Two years previously the diarrhea became 
more severe, and there was more blood and pus; for about six months before 
admission the pain had been more constant, and the patient had lost 32 pounds 
(14.2 Kg.). From six to fifteen stools were passed in twenty- four hours. The 
more he ate the worse the pain became. 

After a thorough investigation, a diagnosis of chronic ulcerative colitis was 
made, and the “Brown operation" and appendectomy were performed. The ileum 
was severed completely, and the proximal loop only brought out. The patient 
returned in 1919 much improved, having gained 30 pounds (13.6 Kg.), but he 
considered the ileostomy opening a nuisance because Ae prolapse kept him from 
working. A no. 1 ring pessary was inserted, which seemed to control the prolapse. 



Fig. 5 (case 2).— Section of one of the many hyperplasUc^ islets of mtico 
disseminated throughout the colon and removed at necropsy; X/ • 


In February, im the proetoscopic ocaminanon thoned a slna 

anna, so small that the lumen eould not he seen. 

colitis was still active, although the patient was clinicallj . 

The patient secured a job as a taxi *1"!- . The 

returned in 1925 in good physical condition, weighing openins 

stricture in the rectum would not admit the index fingc^ne iko^. ^ 

with the aid of the pessary was functionmg ''’cll. H sanpuinopurulcnt 

fair health until about the middle of Sept^ber, - . 
rectal discharge increased greatly and at the same time a dull. 






Fig. 7 (case 3). — Section of one of the numerous nodular excrescences of the 
rectal mucosa removed for diagnosis; XfSO. 
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developed at the lower end of the rectum. Tliis became severe in a few days and 
persisted until his admission to the clinic on December 15. He complained of 
shooting pains in the genital region, frequency of urination and much difficulty in 
voiding. 

The patient was now 51 years of age. He weighed 158 pounds (71.7 Kg.). The 
facial appearance wms of one in distress. The leukocytes numbered 12,400, and 
polymorphonuclearii, 79 per cent. Proctoscopic examination under regional anes- 
thesia showed the rectal surface to be covered with a grayish, foul-smelling slough, 
with many irregular areas protruding here and there as far as could be seen. Proc- 
toscopy could not be carried further than 14 cm., because of the limitation of 
motion and narrowing of the lumen. A specimen of one of the many irregular 



Fig. 6 (case 2) . — Same section as that shown in figure 5 ; X 325. 


nodules proved to be adenocarcinoma, graded 3 (figs. 7 and 8). The first phalanx 
of the index finger was inserted into the rectum, and the mucosa felt rough and 
stiff. The patient is receiving radium treatment elsewhere. 

Case 4. — A youth, aged 19, first came to the Mayo Qinic on June 28, 1916. He 
had been passing loose, watery stools containing flecks of blood for nine j'ears. 
Proctoscopic examination showed granular proctitis. A roentgenogram of the 
colon was negative. The hemoglobin •ivas 76 per cent. On his return to the 
clinic on August 21, roentgen-ray examination showed the colon to be thickened 
and contracted. A^Iorhydria was present. From 1916 to 1920, he got along 
fairly well, with the exception of periods of frequency of urination, the urine con- 
taining blood and mucus. In the first ten years of his trouble, he had had several 
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patient died on September 20. On this dav tin. 
hundred cubic centimeters. Necropsy reveali.»l • 

Cfigs. 10 and II). metastasis, chronic uIcerSveraHr™® t^nsvcrse colon 
multiple infarcts in the lungs The ulcerat! iv ’ peritonitis and 

“h'js r 

diarrhea of sudden’ o^thio‘^^Lfpre"vfoX°T^eTec^^^^^^ 

from three to fifteen every twenty-four hours Thl t f discharges averaged 
mixed with blood and mnrne t*!, ' stools were soft and were 

diarrhea much worse. ” ™“dc the 



Fig. 10 (case 4). — Section of the tumor which was removed at necropsy and 
Avhich corresponded to the filling def«:t shown in the roentgenogram ; X 

At examination, the Wassermann reaction of the blood and the urinalysis 
were negative. The leukoqrtes numbered 10,700. Three teeth with periapical 
infection and somewhat enlarged tonsils were noted. A roentgenogram of the 
chest was negative. A roentgenogram showed the colon to be smooth and without 
haustra. Proctoscopic examination showed rather mild activity in the colon, with 
greater activity in the sigmoid. Parasites or ova were not found in the stools. A 
diagnosis of chronic ulcerative colitis was made. Tincture of iodine was given b> 
mouth, and a mild solution of protargin and witch-hazel were given by rectum. On 
March 26, proctoscopic examination did not show improvement. The patent was 
dismissed, and the condition of the bowels continued as before until Dec. 20, IP-C, 
when, following the lifting of a heavy grain sack, excruciating pain •'‘PP®.""'* 
the right lower quadrant. This continued for two weeks, V 

patient was disabled. The temperature was taken and found to he hetwee 
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hemorrhages and became anemic. Intermittent distress at the umbilicus was 
relieved by bowel movement. He did better on a full diet In 1920, he had had 
influenza, after which the condition became somewhat worse. In 1924, the distress 
increased and bowel movements were more frequent. After a trip soutli in April, 
1927, the urgency and frequency of bowel movements increased, and he went to 
Battle Creek Sanitarium where he was placed on a vegetable and fruit diet. After 
this, emetine and stovarsol had been given, but without improvement. In June, the 
pains became so severe that he “couldn’t get his breath.” The pain was worse 
after a bowel movement; morphine was given for relief. On June 24, a hemorrhage 
from the bowel occurred. His physician wrote to the clinic for some vaccine which 
was given during August; blood was believed to have disappeared from the 
stools after this. 



Fig. 9 (case 4). — ^Roentgenographic appearance of the colon in 1927 showing 
the typical deformity of chronic ulcerative colitis and a definite filling defect in 
the transverse colon. 

At examination, September 7, the hemoglobin was 60 per cent, the erythrocytes 
numbered 4,600,000, and the leukocytes, 6,100. The cdiief complaint was that of 
intermittent severe attacks of pain in the upper part of the abdomen which was 
relieved by morphine, of which he had as much as 3 grains (0.195 Gm.) daily. Proc- 
toscopic examination showed chronic ulcerative colitis, graded 2. A roentgenogram 
of the colon after an raema of barium showed ulcerative colitis of the entire 
<x)lon with a filling defect from a cumstriction of the transverse (»lon (fig. 9). The 
urine showed hyaline casts, graded 4, and pus, graded 1. 

On September 9, ileostomy was performed for carcinoma of the transverse 
colon and metastasis to the pelvis. After a stormy postoperative course, the 
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every twenty-four hours. Between April 7- and 11, five deep muscular mjcctions 
of immune horse serum" were givai, that is, 10, 15, 15, 15 and 15 cc. were given 
on successive days. After this, the temperature receded and after April 12 did 
not go above 99 F. The patient improved gradually and was dismissed on April 17, 
weighing 113 pounds (51.3 Kg.). He was advised to take the filtrate prepared 



Fig. 12 (case 5).-Specimca removed surgically. 

jm the diplococcus every four ^*1 

was having from four to s« ^y or four daily bowel 

„e 6, he had gained 16 pounds (7.3 Kg.), ^^as B 

lIi;;;;ow,E.C..andBargen.J.A.: Unpublished data. 
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and 101 F. He returned on Jan. 5, 1927. A tender, firm, nodular mass in the right 
lower quadrant was fairly adherent to the structures around it. Proctoscopic 
examination at this time showed typical chronic ulcerative colitis, graded 2. The 
roentgenogram showed that the bowel did not contain haustra, but there was a 
filling defect in the cecum. The tonsils and infected teeth had not been removed. 
Trichomonas hominis was found in tlic stools. A culture from the ulcers in the 
bowel yielded the usual diplococcus. The hemoglobin was 57 per cent, and the 
leukocytes numbered 12,100. The patient had lost 17 pounds (7.7 Kg.) in a few 
weeks. 

On January 13, ilcocolostomy was performed for a cecal tumor which appeared 
malignant and was surrounded by inflammatory tissue. The adjoining glands 
were enlarged. Following a fairly uneventful convalescence, four deep exposures 
of roentgen rays were given as part of the treatment. The patient was dismissed 



Fig. 11 (case 4). — Same section as that shown in figure 10; X4S0. 

from observation on February 10, and was instructed to take an autogenous vaccine 
every five days. The rectal bleeding stopped; the weight increased from 119 to 
131 pounds (54 to 59.4 Kg.), and when he returned on March 16, he felt well 
except for pain in the region of the tumor. On March 18, the ileocecal cml was 
resected, including the large tumor which the pathologist reported to be ulcerating 
lymphosarcoma of the cecum, without glandular involvement (figs. 12, 13 and 14). 
A stormy postoperative course followed; pneumonia developed and later, peritonitis. 
On March 21, 13 cc. of 1 per cent of mereurochrome-220 soluble was given intra- 
vmously; this was repeated two days later. The temperature, which before had 
remained between 103 and 104.5 F. for several days, fluctuated from 101 to 102 
for the next two weeks. Following the injection of the mercurbiflirome, =the 
bowels became much more active; from ten to thirteen bloody stools were passed 
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movements and ^vas feeling well. Roenigen-ray treatment was again administered 
He ^t along well, and then discontinued the vaccine early in September On 

iLfh passed daily. A report in March. 1928, stated 

that he was m good condition. 


COMMENT 

The paucity of reports in the literature on malignant disease of the 
colon developing in persons with chronic ulcerative colitis is noteworthy. 
Struthers “ emphasized the relationship of chronic ulcerative colitis and 
polyposis, and suggested that malignant disease may follow these condi- 
tions. Hewitt and Howard^* made similar observations. .Wheeler*® 
express^ the belief that polyposis occurs as a result of chronic ulcerative 
colitis. Helmholz*® called attention to the fact that Virchow and 
Rokitansky may have described the terminal .stage of chronic ulcerative 
colitis. Soper’s " work on multiple polyposis of the colon lias been 
illuminating. At the Mayo Clinic the development of polyps has been 
noted proctoscopically in the course of progressing as well as healing 
chronic ulcerative colitis. Logan** found polyps in 19 of 117 cases. 
Later, I noted 26 in 200 cases. 

In view of the various reports in the literature, the frequency with 
which polyposis has occurred in the series of cases of chronic ulcerative 
colitis at the Mayo Ginic and the simultaneous occurrence of polyps and 
carcinoma in the diseased colon, the following hypothesis is offered : the 
sequence of events in some cases of malignant disease of the colon is 
chronic ulcerative colitis, multiple pol 3 q)osis and malignant disease. 

Malignant disease superimposed on chronic ulcerative colitis offers a 
grave prognosis. Whenever a sudden change for the worse is noted, 
further proctoscopic and roen^enologic investigations should be made. 
Operation, even if the malignant, condition is discovered fairly early, 
yields discouraging results. One must then consider medical treatment. 
The only hope, it seems, is preventive treatment, that is, the cure of the 
colitis and the removal of the pol 3 q)s. 


13. Struthers, J. E.: Multiple Polyposis of the Intestinal Tract, Ann. Surg. 
72*649 1920 

■r Hewitt, J. H., and Hoivard. W. T.: Chronic Ulcerative Colitis ^«th 
Polyps: A Consideration of the So-Called Colitis Polyposa (V.rcIio«). Arch. 

Int Med. 15:714 (May) 1915. . , . ^ „ v t 14*58 

15. Wheeler, W. 1. de C. : Multiple Polypi of the Colon, Brit. J. Su g. 

^^16. Helmholz, H. F.: Chronic Ulcerath'e Colitis in Childhood, Am. Jour. Du. 
Child. 26:418 (Nov.) 1923. 

17. Soper, H. W.: Polyposis of the Colon, Am. J. M. Sc. j*' ' 

18. Logan, A. H. : Chronic Ulcerative Colitis: A Review of ID 
west Med. 18:1. 1919. 




Fig 13 (case S).— Section of specimen showing in figure 12; X 75. 
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the for mjechon which has been kept in the lon-er 
chamber. This mass is forced into the vessels until the meiciny in the 
manometw rem^ constant at 150 mm. without requiring 
compi^on. The is tiien tied oflt, the cannula removed, and tlie 
appendix nnmersed in cold fotmalddiyde for fixation and bleaching 
ate wtach an x-ray picture is made. Ate fixation, the appendix is’ 
gradually dehydrated in alcohol commencing witli 50 per cent and 
changing evepr alternate day into an alcohol of 10 per cent additional 
strength until absolute strength is attained. The appendix is then 
immersed in qmthetic oil of winteigreen, and within two days clearing 
is complete. The finest branches are clearly visible, dissection being 
rendered simple. The serosa and, separately, the muscularis can be 
peeled off, and with the aid of an ordinary hand glass, the distribution, 
direction and anastomosis of even the finest branches are easily studied. 



Fig. 1. — ^Injection apparatus. A indicates the compressed air tank which Wows 
air into 5, the chamber which registers the air pressure by means of manometer C. 
D is the pressure tube which can be attached to dthcr E, the inlet tube of the 
physiologic sodium chloride ilask, or F, the inlet tube of the injection mass bottle. 
By this means, the sodium chloride solution can be forced out of the flask G 
into the spiral tube H, which is being heated by the immersible electric heater, /. 
The sodium chloride solution is thus forced out of the spiral H through the tube 
L into the bottle M, where the temperature is registered by the thermometer -V, 
Tube O conducts the sodium chloride solution through the cannulae to the 
organ. Similarly, by applying pressure tube D to F, the injection mass can be 
forced out of bottle P through Q into the cannula. R is the outflow tube; X 
another immersible electric heater; T and U, the thermometers for registering the 
temperature of the chambers: V, the glass wmdow for observing the condition «i 
the injecting organ; TV, an electric illuminating bulb (orpn for injection « sa- 
pended from a tripod in the upper chamber). (From L. Gross: Blood S pp> 

to the Heart.) 


The mass of barium sulphate gelatin is made as follows: Soak 
300 Gm. of fine Frencdi gelatin (preferably gold ^ 
in 1,200 cc. of distilled water. To this add 1,000 Gm. of fine y pow 




THE BLOOD SUPPLY TO THE APPENDIX * 


HARRY KOSTER, M.D. 

Attending in Surger3' 

AND 

MORRIS WEINTROB, M.D. 

Assistant in Surgery, Crown Heights Hospital 

BROOKLYN 

This paper is based on the study of the arterial architecture of 100 
appendixes, normal and pathologic, removed from human beings repre- 
sentative of the first to the seventh decades of life, inclusive. The 
method pursued in the study was originally described by Louis Gross 
in his work on the blood supply to the heart. This consists, in brief, 
of the injection of the appendicular artery with a barium sulphate- 
gelatin suspension of known viscosity. The infection is accomplished in 
an apparatus which pennits accurate control and standardization of 
temperature, pressure and other modifying elements. 

The apparatus consists of a wooden box lined with copper and 
separated into two chambers, an upper and a lower chamber, by a pan 
which has an outflow tube connecting it with the outside. In the center 
of the pan are two openings, nicked to prevent dripping into the lower 
chamber (fig. 1). Outside the incubator is a Wolff flask. Compressed 
air is forced into this flask until an attached mercury manometer regis- 
ters 150 mm. of mercury. The pressure tube from this bottle is con- 
nected to a large flask containing physiologic sodium chloride solution. 
The solution is forced out of the flask into a spiral tube in the lower 
chamber which is immersed in a bath kept warm by an electric immersion 
heater. The physiologic sodium chloride solution is then conducted into 
the upper chamber into a small Wolff flask which contains a ther- 
mometer. The temperature of the solution is thus accurately determined 
before it is forced into the blood vessels. By raising or lowering the 
spiral tube in the water bath, the temperature can be altered to an)' 
degree desired, and the sodium chloride solution at the proper tem- 
perature is then forced through the appendicular artery until the wash- 
ings come clear. The entire incutetor is kept at a uniform heat by 
another immersion electric heater, a thermometer being placed in each 
chamber. Electric bulbs and glass doors render it eas)’ to watch the 
progress of the injection. When the blood vessels are washed clean, 
the pressure tube from the manometer bottle is attached to a Wolff 

* From the surgical service of the Brownsville and East New York Hospital, 
Brooklyn. 
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triangle, Ae apex of which is the distal appendicular end. In a oer- 
centage of cases, the artery instead of terminating at the tip of the 
rounds the extremity and is continned on the free tetder of 

e^asa ^l^%essel which extends for a distance of ajiprox- 

unately 2 cm. As will he seen later, this •Tjackhone” vessel at this Mint 
receives numerous anastomoses. 


In its aieuate course, the appendicular artery in the average case gh-cs 
out seven pranary brandies. These extend at right angles to the trunk 
Md are approxiinatdy equidistant and paraUel to one another. 
With the exception of usually the first, all primary branches divide into 
two- encircling branches at a distance of about 5 mm. before reaching 



Fig. 3. — Serosa dissected free from underlying coats. Note the fine caliber of 
the vessels in comparison with the larger vessels of the submucosa. 


the appendix. The first primary branch differs in that the secondary 
brandies are given off before encirding branching occurs (fig. 2). 

The encirding branches almost immediately break up into two layers, 
a deep and a superficial, which didiotomize extensively and surround 
the appendix witii tortuous interanastomosing vessels. The superficial 
layer of vessels runs in the serosa and, much to our surprise, they are 
of noticeably smaller caliber than those of the deeper layer. The latter 
distribute themselves in the subraucosa. There is apparently no distinct 
supply to the muscular layers (fig. 3). 

Obviously, the caliber of the encircling vessels diminishes as branch- 
ing proceeds and as the free border is approached. The latter fact 
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barium sulphate, 500 cc. of distilled water and 2 Gm. of thymol. Heat 
over a water bath until the gelatin dissolves and the whole mass becomes 
a homogeneous milky fluid. Filter through two layers of Victoria lawn. 

To secure specimens suitable for injection, i. e., the appendix and 
all of the meso-appendix as far back as the trunk of the appendicular 
artery before brandling begins, tlie ordinary procedure in the operation 
of appendectomy had to be modified. The method employed is to pass 
a suture ligature around the vessel as it enters the base of the meso- 
appendix on its free border, ligate and then cut free to the base of the 
appendix. The appendicular base is tlien ligated and cut distally by the 
cautery, at dull heat. The heat sears the free end, preventing spill, and 
obviates the undesirable use of a clamp which would injure some part of 



P'ig'. 2. — ^Normal appendix. Note the secondary branching, tortuosity, encir- 
cling branches and the diminution in their size as they approach the free border 
of the appendix. 

the vasculature. The appendix is placed in citrated saline to prevent 
coagulation in the vessels. A fine glass cannula is then tied into the 
artery, and the specimen is ready for injection. 

CIRCULATION IN THE NORMAL APPENDIX 

The appendicular artery arises from the ileocolic arter}* and enters 
the base of the meso-appendix at its free border. Usually, this location 
is marked by the presence of an easily demonstrable gland which, inci- 
dentally, is the first to show the presence of an inflammatory lesion in 
the appendix. This vessel pursues an arcuate course along the free 
border of the mesentery, approaching the appendix as it extends toward 
the tip, thus forming with the appendix approximate!)' an isosceles 
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Microscopic stady results i» the coufinnation of many of these cross 

o servations. It “apparent that there is a much laijer and a much more 

profuse vascular supply to the submucosa than there is to the serosa. 
Examination of serial sections in the process of the construction of a 
wax model for the more accurate study of the arterial tree confirmed 
the belief that a distinct blood supply peculiar to the muscularis is absent. 
Where blood vessels are seen in ^e muscularis they are small, right 
angled, connecting vessels which span the gap between the superficial 
serosal and the deep submucosal layers and in so doing pass through a 
defect in the musculature, the so-called hiatus-niuscularis. From the 
large vessels in the submucosal layer, fine vessels run toward the mucosa. 
These vessels are quickly lost sight of as they reach the mucosa. On the 
whole, the formed vascular supply in the area of the lymph follicles is 
scant. The follicles are, however, generously supplied with lymphatic 
vessels. It would seem from this distribution as though the absorption 
from the lumen of the appendix would be primarily and mainly by way 
of the lymphatics rather than dira:tly into the blood stream— unlike the 
arrangement in the jejunum and ileum (fig. 5). 


CIRCULATION IN THE PATHOLOGIC APPENDIX 

The pathologic appendixes which we have examined resolve them- 
selves into four groups : (a) early exudative appendixes, in which gross 
evidence of injflammation is not striking; (b) marked e.xudative 
appendixes, in which though the tissue layers do not as yet show macro- 
scopic evidence of necrosis, definite, easily demonstrable evidence of 
acute inflamma tion is seen; (c) well marked suppurative hemorrhagic 
anrf necrotic appendixes in which the necrotic lesion has not, however, 
led to extensive gangrene, and (d) gangrenous appendixes in whicli 
considerable portions of the organ are seats of ischemic necrosis. 

The changes in the vascular picture which accompany the wrious 
phases in the transition from normalcy through the grades outlined in 
the foregoing paragraph (obviously artificially and arbitrarily outlined) 
parallel closely the general pathologic condition of the organ. Thus, one 
finds appendixes belonging to category (a) which show scarcely any 
macroscopic deviation from the normal in their blood supply. 

One of the earliest visible changes in the arterial tree is a diminution 
in the tortuosity of the larger branches in the two layers (deep an 
suoerficial) Usually concomitant with this, and often apparently n 
diLt proportion to L extent of this diminution, is an increased prom- 
^ o7 tdae adiposae. As the organ beeon«s more sa-ollen 

and the inflammatoiy lesion more mariced, the largw 
olefely lose thar tortuoshy; at the same time, tire ^lal tfss 

mnriiting between flie two layers become increasingly prominc . 
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may be of interest in connection with the frequency with which per- 
forations occur at this site. 

The description thus far given deals with the vessels of larger caliber. 
In their distribution, these branches give off a tremendous number of 
delicate vessels which turn abruptly at right angles to their course, run 
in a radial direction, and bring about a profuse anastomosis between 
the branches of the deep and superficial layers. They pass through a 
hiatus in the musculature, which is readily seen on microscopic section. 
This system of delicate radial vessels is excellently demonstrated in 
edematous appendixes, in which the two layers mentioned are more 
sharply defined and separated. 



Fig. 4. — Normal appendix. Note the tortuosity of the vessels and the fine 
vessels in the fat layer, the rami telae adiposae. 


The next group of vessels we believe to be of considerable physi- 
ologic importance is that system of delicate interlacing and inter- 
anastomosing vessels found in the fat of the meso-appendix. These 
fine vessels (rami telae adiposae) arise from the appendicular artery 
as well as from its branches in the meso-appendix, interanastomose freely 
in the fat of the meso-appendix and, as in other organs in which these 
vessels are found, e. g., the heart, kidney and other organs, often 
accompany larger branches. As will be noted in the subsequent descrip- 
tion of the circulation of the pathologic appendix, these fine vessels 
apparently play an important role in compensating for obliterated or 
thrombosed vessels (fig. 4). 
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relation between tlie inflammatory^ edema, on tire one hand and the 
nnimshed tortuosity and mcreased prominence of the radial communi- 
rating vessels, on the oilier, is so definite that the microscopic picture 
of edraa and inflammation can be accurately predicted from^the^gross 
examination of the vessels in the cleared appendix (fig. 6). ^ 

Followuig this stage, one of the most conspicuous additional clianges 
consists m the abrupt termination of the lumen of the vessels, often at 
points where the caliber lias not yet appreciably diminished, that is, at 
considerable distance from their estimated ultimate distribution. This 
marks the transition to the development of gangrene in the tissue 
(fig- 7). 



Fig. 6. — Acute suppurative appendicitis. Note the diminution in tortuosity and 
the greater prominence of the vessels. 


Finally, in the specimens representative of category (d) is seen com- 
plete absence of blood supply to the affected portions. It is of interest 
to note that when these ischemic areas involve only part of tlie entire 
organ, they are most frequently seen at either the proximal or the 
termiml portion of the appendix, usually the latter. We have not yet 
encountered ischemic necrosis involving only the middle portion of Hic 
appmdix. 

Microscopic study confirms the gross obsen-ations. In the earn 
exudative cases, the only vascular changes noted are increased prom- 
inence of the capillaries and apparent distention of the larger vesse a. 
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Fig. 5. — Microscopic section of a normal appendix. The dark, ovoid areas arc 
cross-sections of the injected vessels. Note the difference in size and profusion of 
the vessels in the submucosa as compared with these in the serosa, and the relative 
paucity of formed vessels in the mucosa. The vessels seen in the muscular layer 
merely traverse it, as shown by serial sections. 
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The definite determination of the supply into two layers, the richer 
of wliich is the deeper, and the absence of a distinct blood supply to tlie 
mucosa, are undoubtedly of physiologic importance. Attention is again 
drawn to the remarkable corkscrew and spiral character of the appen- 
dicular branches of the second, third and subsequent orders. From 
analogy with other organs in which this type of vessel is found, e. g., 
the uterus, intestine, urinary bladder, etc., this tortuosity speaks for a 
structure which is constantly clianging in shape and in caliber. 

The next striking point about the blood supply is its ridiness and 
profuse anastomosis. This, again, is analogous to the condition found in 
organs subject to vascular obliteration, e. g., the heart. The number of 
fat vessels found in the meso-appendix seems to be out of proportion to 
that necessary to nourish a similar amount of fat, and the close paral- 
lelism between the prominence of these vessels and the extent of tlie 
infiammatory process in the appendix suggests that these vessels play 
a compensatory role. 

It has been shown that inflammations of the appendix are consistently 
paralleled by changes in the course and character of tlie blood vessels. 
Undoubtedly, most of these changes follow the original inflammatory 
changes and are due to the edema. Anotlier study is under way to 
determine whether a primary vascular lesion, such as, for example, a 
bacterial embolus, may not be responsible for at least some of the lesions 
found in the diseased appendix, and perhaps at times be causally 
responsible for appendicitis. 

The diminution in tortuosity and the increased prominence of the 
radial twigs are undoubtedly occasioned by the swelling of the appendix 
and separation of the layers. Vascular obliteration is due to edema and 
in some instances to thrombi. 

It is obvious that at least in those cases coming under categories (a) 
and (b) in which the vascular changes are only qualitative in nature, 
restitution to integrity of the organ may follow a subsidence of tiie 
inflammation. When, however, the process has proceeded to vascular 
obliteration to any considerable extent, complete return to normalty is 
hardly to be expected. 

There remains to be explained the peculiar fact that the middle por- 
tion of the appendix is rarely involved alone in an ischemic gangrenous 
lesion. A satisfactory explanation for this phenomenon has not as yet 

been found. 
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In the appendixes of category (&), and more parlictilarly in (r), llif 
rami telae adiposi are prominent, and it seems logical to c(jnelii(l(j dial 
their increased size is probably a cfjmpensatory and defensive; 
phenomenon. 

As the edema increases, not only do the vessels slraiglilen rail, bill, as 
a result of the surrounding compression, their caliber eliniinislies nnlil 
ultimately (with marked edema) the lumen floes not remain j<aleni. 
Gangrene naturally ensues. The abrupt termination fif llif; Inmen f»f llu: 
vessels, often at a point where the caliber has not yel ajipreeiably 
diminished as previously mentioned, is not always fine In Ihf; rnni- 
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painful hip was presented by two patients. Pneumonia with empy«na 
tonsillectomy complicated by aspiration pneumonia and empyema, scarltt 
fever, acute rheumatic fever, suppurative axillary adenitis and wound 
infection of the face were the remote sources of infection in the remain- 
ing SIX cases. Cultures of pus obtained from eight of the sixteen 
patients demonstrated the presence of the following causative agents: 
Staphylococcus aureus, four; Streptococcus Itemoly ficus, two; Staphy- 
lococcus albus, one; tubercle bacillus, two, and Diplococcns pneu- 
moniae, one. 


The source of the pus in the foregoing cases was from the hip 
joint, except in two patients. The patient in case 14 developed a 
metastatic purulent arthritis of the elbow, from which the pus was 
obtained; in case 12 the pus was obtained from the pleural cavity. 


Table 1. — Classification of Cases 


1. Acute septic arthritis of the hip Joint secondary to 


Acute rheumatic lever 1 

Inlection ol the upper respiratory tract B 

Scarlet lever l 

Otitis media 2 

Tonsillectomy (aspiration pneumonia) 1 

Acute osteomyelitis s 

Pneumonia 1 

Suppurative axillary adenitis 1 

Wound In&ction ol lace 1 

— la 

2. Anterior pollomydltls 4 

8. Congenital spastic paralysis 4 

4. Obionte Inlections arthritis 

a. Polyarticular arthritis (Still’s disease) z 

b. Tuberculous arthritis Z 

— 12 


SS 


Four patients presented a dislocation of the hip joint resulting from 
paralyses of anterior poliomyelitis involving the muscles surrounding the 
hip joint. Not only did the residual paralyses involve the muscles con- 
trolling the hip joint, but there were extensive paralyses involving both 
lower extremities in three patients, and marked involvement of the 
dislocated extremity in the fourth patient. The local paralyses about 
the hip joint are, as a rule, associated wth paralyses disturbing stability 
and mobility of the knee and foot; also abdominal paralyses with result- 
ing spinal curvature and paralyses of the muscles of the upper extremi 
ties may be present. Many of the associated deformities are even more 
serious lesions than the dislocation, obviously, making the campaign o 
treatment a complicated problem in certain indiwdual cases In ^c 
of the four patients, the head of the femur could easily be dis^aceu 

and reduced in the acetabulum by manipulation. Sever- resen 


2. Sever, J. W.: Boston M. & S. J. 165:313, 1911. 


SPONTANEOUS DISLOCATIONS OF THE HIP JOINT 
DURING EARLY LIFE 

REPORT OF TWENTY-EIGHT CASES* 

VERNON L. HART, M.D. 

ANN ARBOR, MICH. 

Dislocation of the hip joint may be classified as congenital, acquired 
traumatic and acquired nontraumatic, which is also termed pathologic 
or spontaneous. From November, 1923, to May, 1928, 103 patients with 
congenital dislocations of the hip joint, six with traumatic and twenty- 
eight with spontaneous dislocations have been admitted to the Univer- 
sity Hospital. Numerous articles have appeared in the literature con- 
cerning congenital and traumatic dislocations; however, comparatively 
little space has been given to the discussion of spontaneous dislocation 
of the hip joint, which is undoubtedly more frequent than traumatic 
dislocation, congenital dislocation being the most frequent type. The 
incidence of traumatic dislocation would obviously be greater in an 
industrial center; in general, it is not a common form of injury. 
Wilson and Cochran ^ state that “traumatic dislocation of the hip joint 
is an uncommon accident and forms only about 2 per cent of all dis- 
locations. Because the exposure to trauma is greater, it occurs more 
frequently in males than in females, and usually between the ages of 
15 and 50 years.” Spontaneous dislocation appears to affect males and 
females about equally, and usually occurs during the age periods of 
infancy, childhood and early adolescence. Of the tiventy-eight cases 
included in this report, fourteen occurred in males and fourteen in 
females, and in all the cases the dislocation occurred before the age 
of 17 years. There is no record in the university Hospital of a spon- 
taneous dislocation of the hip joint occurring during the age periods 
of late adolescence, early or late adult life. 

ETIOLOGY 

Metastatic septic arthritis of the hip joint, secondary to a remote 
infection, occurred in sixteen of the twenty-eight cases. Five patients 
gave a history of infection of the upper respiratory tract, diagnosed as 
“grip” or “influenza,” preceding the involvement of the hip joint. Acute 
osteomyelitis, with subsequent infection of the hip joint, occurred in 
three patients. A history of a "discharging ear” soon followed by a 

♦From the Orthopedic Division of the Department of Surgery. University 
Hospital. 

1. Wilson, P. D., and Cochrane, W. A.: Fractures and Dislocations. Phila- 
delphia, J. B. Lippincott & Companj', 1925, p. 457. 
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Flexion deformities of the hips frequently result during the course of 
chronic infectious arthritis without the development of dislocation, 
but if adduction and internal rotation are added to the flexion 
deformity of the hip joint, dislocation may result. The combination of 
flexion, adduction and internal rotation may be present without the 
production of dislocation. ' Undoubtedly this is due to the insidious 
onset with the formation of intra-articular and extra-articular adhesions 
and fibrosis, which aid in maintaining the femoral head in the acetab- 
ulum. The dislocated hip in each of the two children was in a position 
of flexion adduction and internal rotation. 



Fig. 1 (case 1). -Spontaneous dislocation of the left hip secondary to acute 
rheumatic fever. 

A oosiave diagnosis of tnberculosis of the hip joint tyith ^tcn^ 
dislito in two patients. The attitude of «e«on ^duti» 

L intental station is the usual one in late unt,«^ 
eulosis of the hip joint. Distouon ts 

due to the insidious onset of the disease an .. ,^,1^. Dur- 
the femoral head aidmg in the preven on spasm, 

ing the acute stage of tuberculous arthnus mn^ P 

position of fleidon, abduction and entemal rotauon 
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term subluxation for this type and dislocation when the femoral head lies 
habitually outside of the acetabulum. 

An analysis of the function of the muscles surrounding the dislocated 
hip in the four patients is given in table 2. 

A study of the localized paralyses about the dislocated hip joint 
shows tliat the extensor, or gluteus maximus muscle, and the abductor 
muscles, principally the gluteus medius, were either completely or 
extensively paralyzed, while the flexor and adductor groups were either 
normal or only slightly involved. It is a physiologic phenomenon tliat 
normal unopposed muscle fibers shorten and if maint a ined in this position 
will undergo actual structural shortening, resulting in contractures. 
Without treatment the unopposed flexors and adductors tend to shorten, 
producing a flexion adduction contracture of the hip joint, which posi- 
tion is productive of dislocation. Each of the four patients presented the 
flexion adduction contracture deformity of the involved hip. 


Table 2. — Function of Hip Muscles 


Tensor Fascia 

Flexors Extensors Abductors Adductors Lata 

Osse 17 Good Poor Poor Good Good 

OaselS Good Zero Zero Normol Normal 

OaselB , Normal Zero Zero Good Fair 

Oase 2D r. Becord not accurate duo to lack of cooperation 


Congenital cerebral paralysis with paraplegia was the etiologic fac- 
tor in four patients. Loss of muscle coordination, with the resulting 
deformities of adduction of the hip joints, shortening of the hamstring 
groups of muscles and talipes equinus forms the usual clinical 
picture in cases of congenital cerebral paralysis with spastic jiaraplegia. 
A large group of patients with spastic paraplegia with the foregoing 
deformities were admitted to the hospital ; however, only four developed 
posterior dislocation of the hip joint. An analysis of the position of the 
dislocated extremity revealed a flexion internal rotation position, asso- 
ciated with the adduction. Flexion contracture of the hip joint is a 
frequent occurrence with residual paralyses of anterior poHom 3 'elitis, 
involving the muscles surrounding the hip joint, without the production 
of dislocation. However, when adduction and internal rotation are 
combined with the flexion contracture, dislocation maj' occur. 

Two children were admitted to the hospital with posterior disloca- 
tion of the hip joint, complicating polyarticular arthritis or Still’s 
disease. Neither child had been ambulator}* during the six years pre- 
^'ious to the time of admission. There were numerous joints involved 
and man y associated deformities, which required correction preliminary 
to an y treatment for reduction of the dislocation of the hip joint. 
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HIP INVOLVED 

Of the twenty-eight cases reported in this paper, three presented 
bilateral and twenty-five unilateral dislocation of the femoral head from 
the acetabulum. The unilateral dislocations involved the left hip in six- 
teen cases and the right hip in nine cases. Twelve of the twenty-five 
patients had some existing pathologic condition in the hip joint or sur- 
rounding groups of muscles of the opposite extremity. In each of the 
twenty-eight patients, the dislocated extremity was in a position of 



Fig. 3 (case 10).— Osteomyelitis of the greater trochanter, femoral neck and 
per femorf sheft Note the poeilton of instability and thr«ten.w 
the left fonoral head fion. the acetabnlmn. The relahon between If P""™ 
rtabiUty and disloeation of the femonU head was not 
ie position of instability was not changed to the position of sUbilit., . I 
[leous dislocation resulted. See figure 4. 


non adduction and internal rotation, except in <^e 7. 

ient entered the hospital with a "rdeirabWte 

It, complicated by dislocation, with an atti u e - 
1 External rotation. At operation, the capsu e '”PJ',„ „„ 

„d to be under marked tension and greatly ^ 

s“re of an intracapsular abscess. The pressure of the 
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If it is replaced by flexion, adduction and internal rotation, 
before the formation of considerable fibrosis, then dislocation is immi- 
nent. The dislocated extremitj' in each of the two children was held 
in the position of flexion adduction and internal rotation. 

AGE INCIDENCE 

The dislocation of the femond head from the acetabulum occurred 
in each of the twenty-eight cases before the age of 17 years. Spon- 
taneous dislocation of the hip joint may undoubtedly occur during adult 
life, although there is no record in the Universit)' Hospital of its 



Fig. 2 (case 1). — ^Roentgenogram after preliminary* skeletal traction and 
arthrodesis of the left hip joint. The result is most satisfactory. There is at 
present a bony ankylosis of the left hip joint in a good position for weight bearing. 


occurrence. Hilton ® recognized that dislocation complicating hip joint 
disease is usually a condition of early life. He stated that ‘‘the acetab- 
ulum in a child is very shallow compared with tliat of an adult. It 
thus offers greater facility for displacement. This, I apprehend, may 
be the reason why dislocation of the thigh bone occurs so frequently in 
cases of hip joint disease at an early period of life.” 


3. Hilton, J.: Rest and Pain. Xew York, 1879. p. 192, 





archives of surgery 

essential factor in the mechanism of the development of ^ditoion" 


MECHANISM OF DISLOCATION 

strated that the mechanism of the production of the dislocation is a 
d^angement of the normal action of the musdes surrounding the hip 
joint and is not dependent on lesions of bone or ligament. The normal 



Fig. S (case 5); — Tonsillectomy complicated, with aspiration pneumonia, meta- 
static septic arthritis of dther Wp joint with bilateral spontaneous dislocation and 
bilateral epiphyseal separation. During the early stage of involvement of the hip 
joint, the extremities were supported with pillows beneath the knees, placing 
hips in position of instability. 


muscular arrangement about the hip joint may be altered by muscle 
spasm, muscle paralyses and muscle incoordination. Muscle spasm 
is always present during the acute phase of hip joint infection, ami 
without treatment the extremity assumes an attitude of flexion, asso- 
ciated with either abduction and external rotation or adduction an 
internal rotation. One lias observed that the most frequent position 
assumed during the acute stage of hip joint infection is flc.vion, a )( uc 



HART— DISLOCATION OF HIP 


593 


with gradual stretching and thinning of the capsule, forced the femoral 
head from the acetabulum although the extremity was held in the posi- 
tion of stability. 

PATHOLOGY 

The local pathologic condition of the hip joint varied, depending 
on the etiolog^c factor, age of the disease and the period of weight bear- 
ing. The pathologic changes of the first group of sixteen patients 
with septic arthritis of the hip joint varied from a serous to a purulent 
arthritis with or without destruction of bone and soft tissue. 



Fig. 4 (case 10). — The position of instability was not corrected to the position 
of stability, and spontaneous dislocation resulted. 


In each case the normal muscle balance of the surrounding groups of 
muscles was disturbed owing to muscle spasm during the acute stage 
of the disease. The second and third groups of patients with involve- 
ment of the lower and upper neurone, respectively, obviously did not 
present any arthritic changes. The local pathologic condition consisted 
in a disturbance of the normal muscular balance, resulting from flaccid 
paralyses of anterior poliomyelitis and muscle incoordination with 
increased muscle tone as the result of a cerebral lesion. The local 
pathologic condition in group 4 likewise varied from slight to e-xtensivc 
bone and joint destruction with a disturbance of the normal mufcle 
balance, due to muscle spasm present during the acute period of the 




Fig. 7 (case 4). — Suppurative axillaiy adenitis with metastatic septic arthritis 
of the left hip joint. Note the position of instability and resulting spontaneous 
dislocation of the left hip. 



Fig. 8 (case 4).— Complete reduction of the femoral head 
following skin traction, gradually changing the position of iiistabili y o 
stabilitj-— abduction and extension. 
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tion and external rotation, without the production of dislocation. 
The position of flexion adduction and internal rotation is not 
infrequent, and it is this group in which dislocation is imminent. The 
first position is one of stability; the second is one of instabilitj*. 
Regarding the second position, Jones * states that “in this position the 
head of the femur is only partly covered by the postero-inferior rim 
of the acetabulum — ^its shallowest rim, so that there is little bony 



Fig. 6 (case 5). — Roentgenogram following incision and (lrain.ige nf abscesses 
and an attempt to place the extremities in the physiologic position by skin traction. 
Both sequestrated epiphyses were excised. 


obstacle to dislocation. The grratcr part of the head is in ccjutnct wiili 
the capsular ligament, which is also comparatively weak at thi.'- ])ari 
(ischiocapsular fibres).” Eleven of the twenty patients inchidetl in 
groups 1 and 4 had bilateral involvement of the hip joint, 1 he 
extremity in a position of flexion abduction and external rotation wa** 

4. Jones, R. W. : Brit. J. Surg. 14:.Vi. 1926. 






the dislocated hip. In each case the position of instability was present 
due to the development of contractures of the stronger unopposed fl&or 
and adductor muscle groups. 

The disturbance of the normal muscle function in group 3, congenital 
spastic paralysis, was essentially a result of loss of normal muscle coor- 
dination, the stronger flexor, adductor and internal rotator groups of 
muscles forcing the hip joint into the position of instability with 
resulting dislocation. 





location 
anesthesia. 


DIAGNOSIS 

The cMcal signs and f 

aital dislocation. There « “ ^ ’ dfepfecement of the femotri 

r, due to true shortening and respectirely. 

ad in relation to the norma ^ ^ disturbance of the mteg- 

e Trendelenburg si|P tnay ^ shortening are 

y of the gluteus roedius ™ rcle tu P shortening 

Kent on comparative measurements,-the am 
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in no instance associated with dislocation; the dislocation in the eleven 
cases was on the side which assumed the attitude of flexion adduction 
and internal rotation. It is of interest to note the frequency -of bilateral 
involvement of the hip joint in the infectious groups. Figure 15 
demonstrates the attitude of flexion abduction and external rotation 
assumed by the patient at the time of admission to the hospital witli an 
acute septic arthritis of the right hip. One notes that the normal 
extremity was held in a position of flexion adduction and internal rota- 
tion — an instinctive effort on the part of the patient to support and splint 



Fig. 9 (case 17) . — ^Residual paralyses of anterior poliomyelitis involving miiscle>i 
of the right hip joint with resulting spontaneous dislocation. 

the involved extremity for the purpose of relieving muscle spasm anti 
pain. The patient complained of pain in both hip joints, The added 
strain to the normal hip may have caused its lowered resistance, permit- 
ting the infection to localize in the joint, wdlh a resulting bilateral 
infection of the hip joint with one hip in the position of stabilit_v and the 
opposite hip in the position of instability, thus favoring dislocatii m. It 
is clear that the muscle spasm should be relieved by means of <kin 
traction and not b)' support offered by the patient s normal extreni'.ty. 

The group of patients with residual paralyses of anterior polionive- 
litis presented a derangement of the action of the muscle- vontroll’.i’.c 
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the ilium. The presence of signs of infection, muscle spasm, muscle 
paralyses and muscle incoordination depends entirely on the i^rimary 
etiologic factor. 

DIFFERENTIAL DIAGNOSIS 

The diagnosis of the dislocation as a rule is not difficult, although 
one may be confused by certain observations. Patient A. R., with 
residual paralyses of anterior poliomyelitis, with involvement of the hip 
muscles, presented an habitual posterior and upward dislocation of the 



Fte 12-Pho«*r.ph of patlB* in 2S, H. N<-« 


ilftC — 

Head with 

The onset of anterior poliom> i the 

years of age, and the mother said th -j congenital. Palicnt 

lend of infancy. The same clinical signs 

F Centered the dime at the age of 1 y . before the 

(fig. 16). The onset of definitely 

patient had started to ^^d Patient S. R. "'a* 

. .arhed fiexion adduction and 
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depending on the degree of displacement upward and the period of time 
that the stimulus of normal function has been lost. The involved extrem- 
ity is held in an attitude of flexion adduction and internal rotation with 
limitation of the opposite movements. There is an abnormal depression 
of Scarpa’s triangle with the head of the femur displaced posteriorly 
out of the acetabulum. The greater trochanter is above Nelaton’s line 
due to the upward displacement of die femoral head. Telescoping of the 


'ar- fT, r-T" 



Fiff. 11 (case 25).— Polyarticular arthritis, "StiH’s disease," with .spontaucfnis 
dislocation of left hip. Note the position of instability of the dishicated hip and 
the position of stability of the opposite nondislocatcd hip. 

femoral head on manipulation with the pelvis fixed entirely tlejirnds on 
the local pathologic condition. With relaxation of the caji.-'iiJe and 
absence of fibrosis, there mai' be marked telescoping; however, the head 
of the femur ma}' be absolutely fixed due to a fibmus or bony anl:yl< >?!.*! 
of the femoral head to the ilium. The liCtid of the femur i< displ;j<'fd 
posteriorly and may be palpated in the gluteal region on the diir.^um “f 
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There was true shortening, and the greater trochanter was above 
Nelaton’s line. Palpation of bony landmarks was not possible because 
of the inflamma tory reaction. The roentgenogram revealed a fracture 
of the neck of the femur without dislocation. 


TREATMENT 

I believe that spontaneous dislocation of the hip joint may be 
considered a preventable condition, and emphasis should be placed on the 
preventive treatment, because when the deformity is once established, any 
attempt at correction requires a long period of hospitalization, and 



from a^uring *e infecrio® 

sible for the dislocation. Dunng mav be relieved by the 

process imrol^ the “P. placed in extension and 
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internal rotation deformity of the right hip. Examination revealed 
residual iiaralyses of anterior poliomyelitis involnng the muscles con- 
trolling the hip joint. The head of the femur was easily palpated in the 
gluteal region; however, a roentgenogram demonstrated that the fem- 
oral head was not dislocated. In this instance, the femoral head was 
easily palpated posteriorly because of the marked atrophy of the gluteus 
maximus muscle. Patient S. R. entered the clinic with a suppurative 
arthritis of the left hip with the involved extremity in the position of 
instability (fig. 18). There was true shortening, and the greater 



Fig. 13 (patient H. P.).— Postoperative osteomyelitis of the ischium aiwl nrc.iter 
tFoclianter. The position of instability resulted from muscle fpnsm. Si>tc the 
threatening dislocation of the femoral head from the acetabulum. Dish>cati«>!i was 
prevented by the application of skin traction with the extremity in p'nitiiiii of 
abduction and extension. See figure 14. 

trochanter was above Nclaton's line. A roeiitgetiogram revwilfil th.'U 
the femoral head had not been dislocated from the ncetnbulum. hut a 
separation of the upper femoral epiphysis with a po.stcrior and upw.irfl 
displacement of the femoral neck had occurred. A w(»man, G. 11.. 
dcveloiJcd a suppurative arthritis of the hip joint following pariitrij:-.:i 
(fig. 17 ). The involved extremity was held in the jiositiftn of iti't.ihili:;.-. 
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than the opposing groups, then apparatus is necessary to maintain the 
extremity in the position of stability, preventing the development of 
contractures of the stronger groups of muscles. 

Congenital spastic paralysis, as a rule, offers numerous difficulties 
in treatment. Considerable progress may be made if one is 
treating a child with fair mentality and cooperative parents. Exercises 
for the purpose of improving coordination of muscle groups and the 
prevention of contractures must be employed as early as possible. If 
the attitude of instability threatens to develop, definite improvement 



Fig. 16 (patient F. R.) .—Posterior and upward dislocatfon of tlie 
head The onset of anterior poliomyelitis occurred before the pahen g 
walking. The differential diagnosis between congenital and spontaneous is oca lo 

is not possible. 


often results foUowing a eorreetion of the contn.etu«s and obturalor 

”“S°^tn.ent of patients with an established deformit,- offers a 
plicated problem with each case. *^*^;^°Xjoin>s. 

lesion, as compared with the associated defoimiUK inTOl 

This is espedaUy true in the paraij-ses, in ^ correction 

deformities of the knees and to may be ,he disfocation. 

before any attention is directed toirard reducuon of tnc 
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and painless hip joint in a good position for weight bearing ina}’ 
be obtained by preliminary skeletal traction, correcting the shortening 
and pulling the femoral head opposite the acetabulum, followed by 
arthrodesis of the joint. Two patients of group 1 were definitely 
improved by this procedure. Fibrous or bony ankylosis between the 
femoral head and the ilium must be eliminated preliminary to skeletal 
traction in order to bring the femoral head opposite the acetabulum. 
In tlie presence of a bony anl^losis between the femoral head and 
ilium, a subtrochanteric osteotomy may improve the weight-bearing line 
and correct the apparent shortenii^. An attempt to correct the factors 



and to otoin ^ 

ankylosis exists m the opposite tap J • the 

staHity and correcting the rveight-beacng 
A.: New York M. J. UT.m 



HART— DISLOCATION OF HIP 


(305 


The treatment of a patient with a dislocation resulting from dis- 
turbance of muscle arrangement due to muscle spasm, if seen early, 
offers a fair prognosis for a functional hip joint. Incision and drain.igc 
of abscesses is done, if necessaiy, and skin traction is applied to the 
dislocated extremity. The traction is first applied in the line of 
deformity, and, with the gradual disappearance of muscle spasm, the 
line of traction is changed by degrees to a position of extension and 
abduction. Complete reduction was a<xomplished in two cases by this 
method, and the patients at the present time, several weeks after reduc- 



Fig. 17 (patient G. B.).— Postpartum septic arthritis of the right Itip j-int; 
the hip is in a position of instabilitj' with pathologic fracture of the femora! mck. 
It would be difficult to rule out posterior dislocation of the femoral head fnnn 
the acetabulum in the presence of inflammatoo’ reaction with obliteratiim of Insiy 
landmarks. 

lion, are free from active infection and muscle spasin. with a fair 
range of active hip joint motion. 

The degree of disability depends on sevenil important fac!"."^: 
disturbance of weight bearing line; true and apparent shortening; hfii'.- 
and joint destruction; mobility; stabilit}*; unilateral or bilateral involve- 
ment of the hip joint ; associated defonnities. and pain. 

Stability and mobilit}’ are both important factors in the lunctifui o: 
the hip joint, stability being the more imj>ortar;i. otablt 



Table 3. — Analysis of Twenty-Eight Cases 
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any case reported in this paper. Transplantation of the origin of the 
tensor fascia lata muscle posteriori}*, after the method of Dickson/* to 
improve the stability of the hip joint, was done in two cases in group 
2. The stability was appreciably improved in one case. 

Mr. H. A. T. Fairbanks states that “careful selection of cases 
suitable for operation is necessary, as in many the extent and seventy 
of the paralysis contraindicate any attempt being made to stabilize the 
joint.” 

The dislocation resulting from muscle incoordination in congenital 
spastic paralysis, as a rule, is not difficult to reduce following jjreliminary 
correction of muscle contractures and obturator neurectomy; from my 
experience, the resulting improvement in function may be entirely dis- 
appointing. Continued efforts of the surgeon and of the physiotbernpist 
over a period of many months may not result in any improvement of 
muscle coordination, on which the ultimate result depends. Unlimited 
patience and enthusiasm are important factors in dealing with this group 
of patients. 

Improving the stability of the joint by means of forming a new 
acetabular roof' by turning down a bone flap from the side of the ilium, 
as suggested by Dickson ® and Jones,® was not attempted in tins group 
of patients. 

Reefing of the capsule, as perfonned by Sir Robert Jones,’® was 
also not attempted. R. Watson Jones states that, “altho such a i)rocedurc 
may possibly augment the stability of the joint, it cannot supplant the 
necessity for. the prevention of unbalanced muscular action, for, as has 
been insisted, contractile muscle is stronger than clastic ligament.’’ 

Deformities of the knees, feet and joints of the upper e.xtreniities 
are frequently combined with the dislocation of the liij) joint in poly- 
articular arthritis or Still’s disease. In one patient of groui) -I. as-'-ociated 
deformities of the opposite hip, knees and feet were improved, ffillow- 
ing which the dislocation was partially reduced by means of preliminary 
skeletal traction and manipulation, gaining a definite iini»roveiiu*m of 
function. 


Preliminar}' skeletal traction, followctl by maniinilation v.-iib a '•rii- 
isfactory reduction of the femoral head in the acetabulum. wa!« aect sn- 
plished in two patients in whom a positive diagno-xiis of tub*.*rculfsis "i 
the hip joint was made. One docs not encourage tbi.x jm'cerlure in the 
presence of tuberculous arthritis. The positive diagiioxis m <‘iib«-r ea«e 
was made subsequent to the foregoing treaimenl. 


6. Dickson. F. D.: J. Bmic Joint Surp. fl:l. 1*>27. 

7. Fairbank, H. A. T.: Pn>c. Roy. S«>c. Mul. (See. (•rdi.'k 

8. Dickson, F.: J. Bone & Joint Snrp. 6:2o2. 1924. 

9. Jones, E.: J. Ortliop. Snrp, 2:183. 1920. 

10. Jonc.s, Sir R.. ami Lovett. R.: Ortlu'ivdic •'i.-i-cry. N- 
Wood & Company. 1924. p. 464. 
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Table 3.~Analysis of Twenty-Eight Cases— Continued 


I !!>.■? 

S a-Ssh 

€ SB 

I 


i 

5a||S 

pq a R boo 


•S^s-sssa 

•agSH* S 

■Q^ w A«»S 

S^g twSS'S 
S g S n iQ * 

"e sji| 

«a oa ftS 

43^*3 Ih ^ 

i^^sSaaa 


a 

a 

-g 

9 «S 
I aS 

5 Sa 

<b 

6 §*8 
la 

M «s 


*0 g 


1 


o a 
so 

p.^ 

Pi a 


AO 

■S P 
oa 

s-s 

. o *s 
I o 


«_. O 

oa-c 


I 

I 


4 a fr 

00 IS 

oS 

Pl«* 


ISS 

P>9 o 

*9 ISg 

m|t| 

■ajj-o 
a o S 

■P As 
asn 
a-P s 

n 


•o 

a 


o 

a 


■S-Pg 
S. 5 

£%a 

■P^d; 

«8l 

hh 

rA 

8 OS 

n S 

g O M 0 


el 

4a 

01 


43 td 

SS 


a 

■s 

s«* 

fig 




5^-8 "3 

Cs| 

S 

»a a s 
a 0 o a 


aSA§ 

00 & s a 
o S^^'C 

a 940 s 

a Isfl 


9 1 

bi O 

I S 

— a 


§0 


£ 

»4 B 
O <o to 

^ as 

^ 5>k 
« 

-B PO 

g Sa* 
S -«o 

Ss 

tag 

s 


® A 

9| 

ft4 S 

•“■9b 

SS« 

^11 

a-o® 

w 1^ 

S n 

l&S 


•O 

0 

flO 

£ 

e 

1 
S 

a 

01 


s®s 

'uSa 

B 


S<Sa 


hSp 

^ge-S 

£ ® A 
£*40 40 aa 

■Slfg 

|fi9i3 


a 

40 

a 

a 

'5 

«4a 

•mR 

a 



1" 

•o tr 

■o L“ 

li 

bI 

a*” 

A® 

Pfi 

AS 

®s 

g® 

g® 

pe 
o 5 

i-B 

. "O 

8S 

S'® 

0« fig 

•Sag 

SoO a 
04» bo 

s^-S 

A 5 ^ 

a_o 

..o« 


9 o >« 

««l 


to 

a 


£5 

a» 

=■« 
f p 


JL 

9|i 

i£B 

aE »4 

hi 

agfi 

Isfs 

^sSs 


«L- 

l| 

fe*’ 

aa 

®5 

•0*4 

g® 

*8 

oS 

O'W tc 
0^0 

..Pa 

AOb> 

cS| 

7 UA 


si II 

lg 
SS 


m 

- “1 a 
' S *3 


J 9* 

SJs 


g] n o ^ 
Sb 
n 


•o ■3 § 

p| Sp 

S o *5 0 

> .S.S 
a S3 
*-• Ww 


40 


IS 

p 

s p 

*0 M 

li 

is 

gfl 


JS 

fee 


So 

P 

S8 

a^ 

M a 

Is 

Ph*" 




B 


gp 

£o 

P 

Sp 

*0 M 
8^4 

|i 

7 V 


gp 
£ o 

pH 

SS 

Is 

>«£ 

5-9 


00 

g 

-i-^s i 

•S g a 8 

wii S 

flim ** 


M V 

£P> 

a 


P£oS£a 
®a*i3o 
£'8 baqS 
a< 4 pg^g 

a®^® 


■B — p r 
B^gS S 

a o dlB 
09 o' 5 i*SS 

«<5l S 


a 

o 

li 

.S<M 

'0%4 

§® 

o 


u 

p* 


o-p-i I 


a ..hw ft 
JS b S o o 

*rt****zsO u'Bp^fesas 

^•■ooftisa Sg'gSRB. 
P®o ■■& B a o P*^ o !B B E S 
£S&eo 5 pp£sSgg|fi 
gagSggg^ggjfaggo 

ig ||ii||s Jilll 


■“ “Sofil 
oSggE^ 

0*5 o *fB fb SS 

■ssSsiis; 


b> 


fi 


S 


A Pi 
S i 

s 


3 3 .So®« 

s®gs|§s 

-® SsfgS 


■5 a 

e 

-:V5 


Sgig'gSs 


ft 


Vi 

fi 


s 
« ? 


i54» _ 

®Sn S >> 
8g»| » 


Cl 


s 


o 

a 


$•» 

ee 


0*1 

91 


e 

a 



612 


ARCHIVES OF SURGERY 


CONCLUSIONS 

1. Spontaneous dislocation of the hip joint is a preventable defomiitv. 

2. The mechanism of the development of the dislocation is a dis- 
turbance of the normal action of the muscles surrounding the hip joint, 
first emphasized by R. Watson Jones. 

3. The disturbance of muscle action may be caused by (a) paralyses 
of anterior poliomyelitis with the development of contractures, (6) 
muscle spasm associated witli an infectious process of the hip joint and 
(c) muscle incoordination of congenital spastic paralysis. 

4. Flexion, adduction and internal rotation of the hip should be con- 
sidered a dangerous attitude. 

5. Spontaneous dislocation of the hip joint is essentially a condition 
developing during early life. 

6. Treatment of a patient with an established deformity is highly 
unsatisfactory, and frequently the dislocation is a minor deformity com- 
pared to associated deformities of other joints. 

7. Muscle spasm, which is the disturbing factor during the acute 
stage of infectious arthritis of the hip joint, should be relieved by skin 
traction maintaini ng the involved extremity in the position of stability 
— abduction and extension. 

8. Bilateral involvement of the hip joint is frequent in the infectious 
group. 

9. Instinctive traction and support by the normal extremity should 
be prevented, since it places the uninvolved hip in the position of 
instability and favors bilateral involvement of the hip joint. 




Fig. 1. — Stotnadi of dog 7 with Jejunal transplant. Note acute ulcer of pyloric 
mucosa with gastritis and erosions of funds! mucosa. 







EFFECT OF INJECTIONS OF HYDROCHLORIC ACID OX 
THE GASTRIC AND DUODENAL MUCOSAE^ 

WILLIAM J. GALLAGHER. M.D. 

CHICAGO 

In a previous communication,* it ivas shown timt acute trnumniic 
lesions of jejunal transplants to the stomach healed readily in the pres- 
ence of artificial hyperacidity. I sliall now rejjort the changes observed 
in the gastric and duodenal mucosae of those experiments and further 
obsenrations in a group of control animals fed <*icid solution. 


EXPERIMENTAL PROCEDURE AND RESULTS 


The experimental procedure tvas described in a previous report. 

Briefly, after recovery from the intestinal tran.splant operation, .a 
group of seven animals were fed acid solution throtigh a stomach tube 
once or twice dail}' in amounts of from 200 to 225 cc. and in concentra- 
tions of 0.22, 0.29 and 0.62 per cent by weight. 

A group of six control dogs was similarly studied, into wJiicIi 0.62 (ler 
cent acid solution was injected two or three times daily, 'fhe injecti«)n< 
were given dail)' from ten to eight}* days. On various occasioiK, the 
contents of the stomach of several of the dogs were asitirated from 
four to five hours after the injections of acid. The animals were Ii’e[;t 
on a diet of meat, bones, bread Jind water. After daily injectintis hml 
been given for about one month, there was considerable loss of wei};bt. 
but emaciation did not occur in any of the dogs. Acidosis w;is obs»Tvi:d 
in several, most of which were then killed. Immediately after the «Ie:uli 
of the dogs, specimens were e.xcised for microscopic exnminaiiMn :nid 
placed in Zenker’s fluid to prevent postmortem changes. 

In the group of seven animals in which jejunal transplants lirid been 
made, vomiting was frequent, e.specially with the higher eiincen:rati«in 


of acid solution. From S to 30 cc. of c<intents was obtaine-l at difi'tr<-nt 
times on aspiration five hours after injection, while in the conU'd e.vp'-ri- 
ments, the stomachs were always empty after five hours. 

Mucus was frequently present in the vomitU'- and wa*- c<*;>f.'i::’!y 
pressent in the stomachs. Blood smined mucus and tarry .-tmi!- wir- 
observed in two dogs. 

The changes in the muco.sa of the .stomach were mi>re t •■.!en‘i\. v.ith 
the higher concentration of acid .solution and the :r >rr ire JU' : : inu *:. 


"■From the .'^cjinonr Coiiian I'cllc.w -hfp isj tin- 
the University «•! Cliir.ipo and ilio Pi ;iartnu-:i: <•{ F'.ir.- -y 
Collcpc of the I'niversity of n!ic.ico. 

t. G.*ill3pher. W. J.; .\rfh. Snrp. 17: JT'* 
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es^aUy in the experiments with jejunal transplant in which tliere wts 
often some delay m the emptying time of the stomadi. 

The niost marked changes were always observed in the fundal 
mucosa. BneBy, these were acute and chronic gastritis with superSdal 

an iT:; ^ ‘I® ™ll- This 

dog M b^ fed 0.62 per cent acid solution from one to two times daily 

for fifty-nine days. A jejunal transplant was also on the anterior ivall, 



Fig. 4. — Deep erosion of fundal mucosa in figure 1. Note slight cellular 
exudate; X ^0- 

but was not in any way connected with the chronic ulcer. The base of 
the ulcer was formed by submucosa which contained considerable scar 
tissue; there was little change in the muscularis, and there was onl} 
slight cellular infiltration about the ulcer. In three animals, acute 
erosions were present in the pyloric mucosa. Two of these were in 
the group of control animals. Two acute ulcers, 5 by 3 mm. were 
observed in the pyloric mucosa n^r the lesser curvature in one dog 
fed 0.62 per cent acid twice daily for twenty-five days. 




mucosa; XSO. 




Tabm 1.— Effect of Injections of Hydrochloric Acid on Gastric and Duodenal 

Mucosae * 


Injections of Hydrocblorlc Acid 


Kecropsy 
- 


Besnlts 


Per' Amount of Number 



cent- 

BnCh Injec- 

of 

Dog 

age 

tion, Cc. 

Days 

1 

0.22 

200 

S3 


2 0.20 200 80 


3 0.22 200 63 

0.02 200 tirlce 20 

dally 


4 0.22 200 82 


5 0.K 200 00 


0 0.02 200 2r 

0.02 2Z6 twice 82 

dally 


7 0.02 200 10 

0.02 200 twice 0 

dally 


Stomach dilated, contains mu- 
cus; congestion and swelling 
of gastric mucous membrane; 
a few superficial erosions In 
fundus 

Congestion, swdllng, peteclilol 
hemorrhages and superflelal 
erosions 1 to 2 mm. In stee; 
mucus present; area of red- 
ness, 1 cm. In else, on poste- 
rior wall of duodenum near 
pylorus 

Blood stained mucus In stom- 
ach; many erosions in fundus, 
a few In antrum, 1 to 3 mm. 
In slse; two acute ulcers In 
fundus 2 by 1 tun.; first 4 cm. 
of duodenal mucosa on pos- 
terior wall are reddened and 
contain two erosions l to 2 
nun. In slse; tarry material 
In colon; edema and redness 
generally of gastric mucosa 

Some mucus In stomach; edema 
and redness but no gross 
erosions of gastric mucosa 

Mucus In stomach; edema and 
redness of gastric mucosa 
with superficial erosions In 
fundus, 1 to 2 mm. In size 

Much mucus In stomach; 
edema, petechioe and several 
erosions of fundal mucosa, 

1 to 2 mm. In size; chronic 
ulcer of the gostric mucosa, 

3 by 1.6 cm., on anterior wall 
middle of fundus; hard, gray 
base; mucoso puckered about 
ulcer 


Much mucus In stomach; 
edema, redness, many ero- 
sions of gastric mucosa, the 
largttt 1 cm. In diameter; 
two acute ulcers near lesser 
curvature of pylorus, S by 3 
mm.; 2 cm. of posterior wall 


Histologic Studies 


Superficial and deep erosions 
wIQi some cellalar Infiltra- 
tion of gastric mucosa: 
some cCIlnlar Infiltration 
of duodenal mneosa 


Acute ulcers extend Into sub- 
mucosa; cellular Infiltra- 
tion of submucosa, afth 
eosinophils and round 
cCIIb; a few fibroblasts at 
bose of ulcers; eellulor In- 
filtration of mucosa in 
many areas; deep and 
snpmficlal erosions 


Boshiophlls and round cells 
In mucosa and submn- 
cosa; esudato In mucosa; 
superficial and deep ero- 
sions present 

Much exudate on suriace of 
mucosa which contains 
superficial and deep ero- 
sions and marked cellular 
Infiltration In duodenum; 
scar tissue In base of 
chronic ulcer for 2 mni. 
beneath mucosa on either 
side of ulcer; base formed 
by submucoso; little cellu- 
lar Infiltration of ulcer 

Superficial and deep erosions 
with round cells and 
eoslnopblls In jaacosa ol 
stomach; much exudate 
uftb rtmnd cells, eosino- 
phils In duodenal mucosa 
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The erosions were superficial and deep, some extending to the sub- 
mucosa. In some erosions, cellular infiltration was slight; in others, it 
was marked and in places extended into the submucosa. The lesions 
extending into the submucosa were termed ulcers. Wliere the erosions 

Table 2.— A Series of Injections of Hydrochloric Arid Into Stomach of 

Normal Dogs* 


Injections of Hydrodilorlc Acid 

f — — — * ^ 

Per- Amonnt of Kumber 
cent- Each Injec- of r 
Dog age tlon, Oc. Days 


Necropsy 

— - - * 

Eesults Histologic Studies 


1 


225 tiro 80 
to three 
times 
daily 


Tsnr material in colon; blood 
atalned mucus in stomach; 
edema, redness, many ero- 
sions of tundal mucosa 1 to 
2 mm. in size, also an acute 
ulcer, 8 by S mm.; petechiae, 
redness of mucosa of duode- 
num for 6 cm. from pylorus 


Exudate and cellalflr infil- 
tration of gastric mucosa 
irith superficial and deep 
erosions; cellular InflUra- 
tion and exudate of dno- 
denol mucosa, many 
lymph follicles In mucosa 
of duodenum 


2 0.02 226 twice 81 Edema and redness of fnndal 

daily mucosa; murii mucus in stom- 

ach; pyloric mucosa normal 
grossly; edema and redness 
of duodenal mucosa for 6 cm. 
from pylorus 


S 0.82 


200 three 10 
times 
daily 


Mucus in stomach; n few ero- 
sions of pyloric mucosa 1 
mm. in size; edema and red- 
ness of fundal mucosa on 
posterior woll of duodenum 
la an erorion 8 by l mm. 
which is surTounded by red- 
ness for 1 to 2 cm. and 0.5 
cm. from pylorus 


Superficial and deep ero- 
sions of gastric ond duo- 
denal mucosa, 1 to 2 mm. 
in size, with cellular infil- 
tration and exudation 


4 0A2 


200 twice 29 
dally 


Mucus in stomach; edema, red- 
ness and many erosions of 
ga^c mucosa, 1 to 10 mm. 
in slu; erosions 1 to 2 mm. 
In size near lesser curratuie 
of pylorus; redness for 5 cm. 
and a few erosions 1 mm. in 
size on the posterior wall of 
duodenum 


Superficial and deep erosions 
of gastric and duodenal 
mucosa; some cellular iu- 
flltratlon 


5 0.62 200 twice 41 

daily 


Bedness and swelling of fundol 
mucosa iritb several erosions 
1 to 2 mm. in size 


Exudate, cellular infiltra- 
tion, superficial and deep 
erosions of gastric mu- 
cosa, also of duodenal 
mucosa 


0 0.62 


200 twice 86 
daily 


Mucus present in stomach; 
edema, redness and erosions 
of fundal mucosa 1 to 2 mm. 
in size with similar clinnges 
in the first 1 to 2 cm. of the 
posterior wall of the duode- 
num 


Ida] and deep erosions 
ccllnlar Infiltratipn 


on the surface 


• Apid»<^B frequently developed after which the animal was usually Wiled. 


were superficial, exudate was usually limited to the mucosa, and in man> 
areas exudate poured from the eroded tubules. 

In the pyloric and duodenal mucosae, these inflammatory ciian^s 
were usually localized, while in the fundal mucosa they were freqticmi. 
diffuse. 



Fig. 9. — Stomach of control dog 5 ^^lo\vint: a Mijuji.-rial irf: :; of j'-- ‘ : 
mucosa with only slight cellular infiltration ; X 
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irritating acid solution with the mucosa. The more frequent vomiting 
in these animals , however, lessened the time of contact to some extent. 
Giravitation of mucus to the pylorus with regurgitation of alkaline 
intestinal contents and the alkaline secretion of the pyloric mucosa, no 
doubt, explain the few changes observed in the pyloric mucosa. 

The location of the chronic gastric ulcer suggests the possibility that 
repeated trauma from the stomach tube and the forceful flow of acid 



beneath exudate; X SO. 


[le production of this lesion. nvlorus is further efl- 

The locaKzed duodenitis, usually dose to t py . j ^ges in die 

le„„ of the irritating acrion of /rcTdiL .otl« 

luodenum were never observed more *an ^ „f tlie aad 







GALLAGHER— HYDROCHLORIC ACID ASD .'.Vaiy.:/-; 

COMMENT 

Bollon- obscn'er] similar changes in the stomachs of ca:- 
monke3'S, but be used much higlter concentrations of acid ‘ohni'.n. 

Carlson® and recently Palmer* have found 0.5 ix:r ctni nf h,vd;-»- 
chloric acid in the analysis of gastric .‘•ecrciions of iionnal 
per cent is higher than normally found. However, the chan::< - 
duced in animals given 0.22 and 0.29 jxjr cent acid dinVred oniy i!; (:e.:r‘ 
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Experimentally at least, hydrochloric acid is an important element in 
the production of acute and chronic gastritis with erosions and acute 
ulcers. 

SUMMARY 

The changes produced by injecting different concentrations of hydro- 
chloric acid into the stomachs of thirteen dogs have been studied. The 
experiments were carried out on two groups. In one group of seven 
animals with jejunal transplants to the stomach, acid was injected once 
or twice daily in amounts of from 200 to 225 cc. of a 0.22, 0.29 or 0.62 
per cent solution. Vomiting was frequent; mucus was present in the 
stomachs in large quantities. There was frequently some delay in the 
empt 3 nng time of the stomach in ffiese animals. The greatest changes 
were usually present in the fundal mucosa. Acute ulcers were observed 
in the pyloric mucosa of two animals, while a chronic gastric ulcer of 
the fundal mucosa was observed in one. Repeated trauma from the 
stomach tube was suggested as a factor in the production of this lesion. 
The most constant observations were acute and chronic gastritis with 
multiple erosions ; these clianges were greater when the higher concentra- 
tions of acid were used. A localized area of duodenitis, with erosions 
in two, was present in four of the seven animals. 

In the second group of six control animals, a 0.62 per cent solution 
was injected in similar amounts two or three times daily. Qironic ulcers 
were not observed, but changes similar to those in the stomachs and 
duodenal mucosae of the animals in the first group were noted, although 
to a lesser degree. A delay in the emptying time of the stomachs of 
this group was not observed. 

Histologic studies were made of different parts of the gastric and 
duodenal mucosae showing different types of erosions, acute ulcers and 
cellular changes. 

Attention is called to the similarity of these lesions to those found 
clinically in the stomach and duodenum and the probable importance of 
hydrochloric acid in their production. 

CONCLUSIONS 

1 Acute and chronic gastritis and duodenitis with multiple erosions 
and acute ulcers are produced by injections of hydrochloric acid into the 

stomachs of dogs. 

2. A delay in the emptying time of the stomacli causes more exten- 
sive dianges of the mucosa of the stomach, and when an eemcn 
trauma is added, a chronic ulcer may occur. 

3. Mucus may exert a protective influence against the corrosive 

action of hydrochloric acid on the gastric mucosa. 



GALLAGJIER—IIYDROCULORIC AC! I) .i.VP yrCOS.Ui '<2.' 

duodenal lesions are strikingly similar to tliose occurring in t!:c‘ Inrrr.it; 
being to whom an average of 63 units of free hydrocliloric 
been given (Judd and Nagel).’ 

The gastric lesions are also grossly .md microscojiically similar : ■> 
those described by Orator,® Konjetzn}-" and others in flic stomach- ft 
persons with ulcer. 



Xote fneorsTiiiifut of in n’.'.'c •»:*; 
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made a fairly rapid recovery and left the hospital in three weeks with a fistula at 
the site of the operation. She returned to the hospital two months later and the 
fistula was closed. 

She was seen again in January, 1928, with an attack of obstruction of the 
small bowel, and was admitted to the hospital. An operation disclosed that 
the obstruction was due to a band. This was relieved, and the patient left the 
hospital in eighteen days. She has been well since that time. 

COMMENT 

Submucous lipomas of the colon are comparatively rare. The mo.sl 
comprehensive study found in the literature was that by P. DeRocqiic 
and A. DeRocque,^ who made a study of all the cases reported up to 



Lipoma of the colon with diagram of intussusception. 


1924, numbering 104. Appro«nH^y 

n the small bowel as in the colon; M per ,™ptonilcss. 

ntestine and 9 per cent of those m e performed for acute 

[„ thirty-one cases, an emergency ‘^"^“^.^“fcroricobstruc- 

jbstrnction Infifly-sixcMK^e^Mt 

ion. In forty-seven of these cases, . ;« the colon. 

ohenomenon being more common m t ' ” is an enteros- 

rhe DeRocques suggested that the mori ot 

tomy and enudeation of the tumor, but tot m ^ «s 

fil^osis is doubtful, a resection should be undertaken. 

]. DeRoceoe, P., and DeRocaon, A.: J. da chir. 24!ld} (Aos.) 





CANCER OF THE LOWER LIP 

SUGGESTIONS AS TO OPERATIVE TECHNIC IN PLASTIC REPAIR* 
FRED R. FAIRCHILD, M.D, 

WOODLAND, CAUF. 


The motive for the presentation of this subject is to describe an 
operation for the reconstruction of the lip. As the necessity for the 
procedure arises almost wholly from cancer, the characteristics of the 
dsease must first be considered, at least so far as they exert a modifying 
influence on operative technic. 

In view of the claims of many competent' observers that better 
results are obtained by radiation than by operation in the treabnent 
of cancer of the lip, one almost feels the necessity of arguing the 
point to establish his right to suggest a surgical procedure. To do 
this would be but to add another personal opinion to one side of 
an argument that only further experience and the lapse of timp can 
settle. No better illustration of the radical difference of opinion relative 
to the method of choice could be had than that offered by the sjm- 
posium on intra-oral cancer presented before the Radiological Society 
of North America in November, 1926. Papers read py Ewing' of 
New York, Burnham* of Baltimore, Duffy* of New York, and 
Judd and New * of Rochester served to give the conviction that no 
one is certain whether irradiation or operation offers the best chance 
of cure. Until the question is answered, a cancer of tlie lip should 
be treated as an entity, and, after careful consideration of all modifying 
conditions, experience must be the guide in determining whether 
radiation or a surgical procedure should be used. 

There cannot be any question* that the poor cosmetic effect following 
resection of cancer of the lip is a factor that influences many patients 
to select treatment by radiation, even in the face of an analysis of 
the situation resulting in positive advice that surgical intervention 
would be the safer procedure. The patient will often accept an added 
percentage of risk to escape disfigurement. The surgeon will sometimes 
allow his heart to rule his head. These factors often cause tlie patient 
to insist on a conservative course; this may or may not be regrettable, 
if he consults a competent radiologist, but the result will surely e 
most unfortunate if, as so often happens, he falls into tlie han s 
of a quack. 


♦From the Department of Surgery, Woodland CJinic. 

♦Read at the Meeting of the Pacific Coast Surgical Association held 

Portland, Ore., Feb. 22-25, 1928. 

1. Ewing, James; Radiology 9:359 (Nov.) 

2. Burnham, C. F. : Radiology 9:366 (Nov.) 1927. 

3. Duffy, J. F.: Radiology 9:373 (Nov.) 1927. 

4 Judd, Starr, and New, G. B.: Radiolog>* 9:380 (^ov.) 1927. 
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growths were cancer, and microscopically, they were cancer, but there 
was not any way of knowing what the behavior of the individual 
tumor would be. 

Not until 1920, was any material progress made in the ability to esti- 
mate the degree of malignancy in any cancerous growth. At this time, 



\ '• 

V 


.;f ■* 




Fte 2.-F!rst .tep fa ^ 

srj^,ffait fo, fa fa™ - - - 

the new lip. 

BPoae. studied u sen'es of ca.^ ^ 

of material at his disposal. His c , j differentiation and 

the cells of which showed the greatest tendencj 



634 


ARCHIVES OF SURGERY 


urgeons hesitate to venture a prognosis as to the outcome of even 
the most innocent appearing cancerous lesion until its grade is known. 
A knowledge of the grade of malignancy of a. cancer puts one in posses- 
sion of the most important fact in the determination of whether treat- 
ment by surgery or by radiation is the method of choice. 



Fig, 4. — ^Fourth step in the operative procedure showing the mclliod for 
securing the mucous membrane flaps to cover the buccal portion of the new ip. 
These flaps must be of sufficient width to permit covering the upper portion ot 
the skin fat flap to form the normal vermilion line. 


Judd* states that the results obtained at the Mayo Clinic arc in 
accord with the observations of Simmons “ of Boston, a member o 
the Cancer Committee appointed by the American College of Surgeons, 

S. Simmons, C. C: Surg. Gjmec. Obst. 43:377, 1926. 



Fig. .1. — Third step in the operative procedure. With the submental flap 
dissected free, siifliciciit skin and fat tissue is obtained to cover the defect, and 
this cxi)o.snre makes possible the iinuj>iial cervical lymphatic dissection. 


Pntliolof'ist.s anti sitrffeons generally have been slow in accepting this 
classiiication as of value. Repeated observations on the postoperative 
courses of those patients on whom the grade was determined have com- 
pelled a rather general acceptance of the value of the grading. Some 
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approximate accord with my observations at the Woodland Clinic. I 
have never seen a cancer of grade IV that did not show recurrence 
within a year no matter how innocent dinically the lesion appeared, how 
radical had been the surgical extirpation, or how intensive the post- 
operative radiation. Simmons concludes that “the type of operation 



Fig. 6.— Fifth step in operative procedure. Section b shows the latc^ 
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in J hr inv('Mi.:;;ttiiins nf this cniiiinittcc, consKlurinf; cancer gen- 

cnilly, Icil til the cimrinsiitn that "in primary cases without evidence of 
mctasiasi*- stnj;ical ticatnient inters a thirty-live per cent chance of 
permanent cjjie aKainsl lificen percent l>y irradiation, while in primary 
ca>es in which there are clinical signs nf metastasis. r;idium offers no 
chance «»i permanent enn- ami radical surgery not more than S jter cent.” 



Simmons' report is further of extreme interest in that it bears out 
the experience of those who have had the good fortune to have all their 
operative cases graded. He reported that in cancer of grade I, 68 per 
cent of permanent cures were effected; of grade II| 21 per cent, of 
grade III, 6 per cent, and of grade IV, none. These conclusions are in 


638 


ARCHIVES OF SURGERY 


of any surgical technic which will not limit the surgeon in radical extir- 
pation of the tumor and of the distal adjacent lymphatic system, and 
will at the same time permit him to obtain a better cosmetic effect. 

There cannot be an ideal operation for cancer of the lip, for the 
nature of the lesion compels the sacrifice of all tissue that is under the 


Sutures on 
of neuj Iv 


Sufures at 
bollom of \i 



• • .r of the sagittal section illustrating the normal 

ispicion of involvement. Ewing calls P^’^'^^Yh^^Tand^emphaswes 

of the «ood 

He heh^. -3; He t 

of 'a L hooor h. h..«a. ea.hoh» «.her .ha 



h.iunnn.n-i'.iXiHK nv i.ow’iiK ur 


637 


<»f n5:)li;:n.'iJK'y. ;i Muitihl lu* |H*rf<*nnc(l. Surgical inlcrvcniion 

shoiilil jii*; hr prrfoinifil i>n any minor ni grade IV. and there is serious 
ijucstion whcihi r it {.•> of v;ilnr in cancer,«. of grade JIJ if there is jinsitivc 
tncia^la*'i' . Kadiation otiers as ntuch relief, and hy conservative trcal- 
incni the jiatieni'v shoji ».)«in of life will proliahly he less distressing. 
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zontal incision with the edge of the mucous membrane below the lower horizontal 
incision (figs. 5 and 6). 

Stef 6. — ^The skin and fat flap is then sutured in place by dermal sutures, 
placed obliquely to distribute such tension as may be present along the entire 
suture line. The upper border of the united mucous membrane flaps is reflected 
over the upper border of the skin and fat flap and sutured to the skin line with 
interrupted chromic catgut sutures to form the vermilion line (fig. 7). 

The advantages of this method are: 1. There is nothing in the pro- 
cedure to cause contractures lessening the size of the mouth. 2. There 
is nothing to interfere with the most radical extirpation of the tumor 
with that portion of the lymphatic system which is under suspidon. 
3. The entire operation can be completed in one stage. 4. The lower 
lip does not tend to tighten against the teeth, interfering with a plate, 
if, as so often happens, one has to be worn. 5. The sulcus in front of 
the lower incisors is of normal depth (fig. 8). 
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survival ui old imnc»r veils. 1 f lu's jjrcstiniption is correct, it is obvious 
tliai tlic I'alicni is in jeopardy from lateral as well as from vertical 
ineiasiasis, ainl that any eom|)eleiit .siirfrical procedure must take into 
account and eliminate this stuirce of ])rohahIe recurrence as certainly as 
it (k)cs ll>e danji»cr of j’ecnrrencc from .spread through the cervical 
lyniphat ic .system. 

I his means that fref|uently the only chance of obtaining a cure lies 
in an np])arently rnthle.ss .sacrifice cif the entire lower lip. The ideal 
surgical jirocedure would permit this, with a dissection of the gland- 
hearing fat enhloc, and allow for a satisfactory reconstruction at one 
operation. Xo reconstruction can he made entirely .satisfactory to the 
]iatient, for no ]ilasiic lip can have the mobility and cxprc.ssion of the 
<»riginal. 

I believe, however, that the technic to he dc.scrihcd comes nearer to 
fulfilling the requirements than any other method I have seen. 

C'rcdit is not claimed for originality in any part of the procedure. It 
is merely a composite technic made up of various stcp.s in other 
operations. 

OfKUATIVE TKCIIXIC 

So.r 1. — Tli.al (xirlidii nr .*ill nf the lower lip to he .sacrinced is excised by three 
incisionc v.vtendinR throiiKh the entire thirhnes.s nf the lip: a vertical incision on 
cither .oide of the tiininr, with a transverse incision placed at the level of the point 
of the chin connc’ctiiif; the lower c.strcinttic.<i of the vertical incisions (fig. 2). 

STr.i' 2.— -l-Voni the lower angles of the rcctaiiRle formed hy the foregoing 
prncednre, Itilateral inci.sions are iiindc through skin and fat running downward 
and .slightly outward for a di.stance of from 2 to 3 inches (5 to 7.6 cm.). When the 
skin and fat flap iH'lween the two incisions is dis.sected free, it will be found possible 
to draw the flap up without tension, a .siiflicient amount to fill in the deficiency 
earned by the .sacrifice of the lower lip (figs. 2 and .1). 

Sti I* 3. — The submental area is already exposed. The vertical and obliquely 
vertical incisions previously made on each side permit easy exposure for comple- 
tion of the usual lymphatic dis.scction (fig. 3). 

Stkv 4. — Provision has been made for the .skin and fat flap to replace the 
sacrificed lip. A mucous lining must be supplied for the intra-oral portion of this 
flap. On each side, such a flap is formed by making two horizontal incisions 
through the buccal miico.sn. The upper incision originates at a point about inch 
(0,(>3 cm.) above the angle of the mouth and extends backward for 2}4 inches 
(6J27 cm.}, passing just below the opening of Stenson's duct. The lower incision 
is parallel to it and of equal length, and originates at a point corresponding to the 
lower angle «>f the excised rectangle. These flaps of mucous membrane are 
dissected up fiom before backward. It will be found that the flaps can be pulled 
to the median without tension (fig. 4). 

Step 5.— The extremities of the two mucous membrane flaps are sutured with 
interrupted, 00 chromic catgut. Similarly, the lower borders of these flaps are 
sutured to the cut edge of the mucefus membrane at the margin of the gum. The 
denuded area behind the mucous membrane flaps is closed by interrupted chromic 
catgut sutures, uniting the edge of the mucous membrane above the upper hori- 
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primitive layer of cells, the mesoderm, first appears between 
he ectodermal and entodermal layers of the embryonic disk. As it proli- 
ferates, It insinuates itself peripherahy between the entoderm of the yolk- 
sac and the ectoderm of the enveloping layer. Ultimately, it extends to 
surround also the ectoderm of the amniotic cavity. By internal cleavage, 
the peripheral portion of the mesoderm is divided into an outer parietal 




Fig. 1, — A, section of morula with enveloping layer (e./.) ; B, section of 
embryo with yolk-sac (yj.) and inner cells mass (f.WH.) ; C, section of embryo 
with proliferating entoderm (ent.) ; D, section of embryo with embryonic disk 
(,e.d.) and amniotic cavity (o.c.) (after Bailey and Miller in Textbook of 
Embryology). 



Fig. 2.— A, transverse section of embryo showing relation of mesoderm (w.) 
to embryonic disk (e.d,), yolk-sac (y.s.), amniotic cavity (ftc.), and 
(/.), extra-embryonic celom, (e.c.), chorion, (cli.) (after Bailey and M« er). , 
longitudinal section of embryo with body stalk allantois ( aL) an c ronr 

villi (c.w.) (after McMurrich: Development of the Human Body). 

layer attached to the interior of the enveloping layer and 
visceral layer applied to the exterior of the entoderm of die yol • 
The space thus formed by the cleavage of the mesoderm is called tne 
extra-embryonic celom. Meanwhile, the enveloping layer becomes 


lixsTRoriiy or Ti-iii lii-ADurR complicated by 

CARCINOMA 


!•:. STARR JUDD, M.D. 

AN’n 

HARfJI.D L. THOMPSON, M.D. 

l!IK-Hi;STKR, MINN. 

C.*ircinnnin conii)Iic:iliiiR exstrophy of the bladder is rare; we have 
noted re|)orls fif only nineteen cnse.s in the literature, two of which were 
rc|Kirted hy Selioll ’ from the Alayo Clinic. We are adding one case 
(caM- 1 ) which has not heen reported previously. So far as we know, 
cure has not heen rej)ortecl following treatment. In two cases at the 
Maj-o Clinic, however, the patients have remained well for three and six 
and a half wars, resiieclively. following surgical treatment. 

K.MllKYOU)CY 

It is assumed that the fertilized human embryo, by processes of 
growth and cell division, soon becomes a solid mass of cells, the morula. 
The perijihcral cells of the morula diA'crentiate and thus form a distinct 
enveloping hyer of cuboidal cells'- (fig. 1 .*1). Vacuoles which appear 
within the enclosed mass of cells cnaletsce to form a single cavity within 
the enveloping layer. This cavity corresponds to the yolk-sac of cer- 
tain lower species, and hence that name is retained for it. A small 
mass of cells attached to the interior of the upper pole of the envelop- 
ing layer persists as the inner cell mass (fig. 1 B). The cells of this 
mass that arc contiguous with the yolk cavity difTerentiate and proliferate 
over the inner surface of the enveloping layer to form a complete lining 
for the yolk-.sac. This layer is called the primitive entoderm (fig. 1 C). 
Meanwhile, vacuoles ap|x;ar also within the inner cell mass, and these 
coalesce to form the amniotic cavity. This cavity is enclosed by the 
enveloping layer (fig. 1 D); in the floor of this cavity a layer of cells 
persists, called the embryonic plate or disk. In addition to enclosing 
the embryo proper, the enveloping laj'er forms the wall of the amniotic 
cavity and the outer layer of the wall of the yolk-sac, and thereby 
envelopes the entire embryo. At this stage of development the embryo 
consists essentially of the embryonic disk composed of two layers, a 
layer of ectodermal cells which occupies the floor of the amniotic cavity, 
and an approximated layer of entodermal cells which is a part of the 
lining of the yolk-sac. 

1. Scholl, A. J. : The Potential Malignancy in Exstrophy of the Bladder, Ann. 
Surg. 75:365, 1922. 

2. Bailey, F. R., and Miller, A. M.: Textbook of Embryology, New York, 
William Wood and Company, 1923, pp. 84-121. 
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Fig. 3. — A, germinal disk with primitive streak axillary line (aJ.) and 

v.a.t vascular area. B, transverse section of germinal disk with neural groove 
(n.g.) and mesoderm between ectoderm (e.c.) and entoderm (enf.) which is' 
divided by a longitudinal groove into. a paramesial solid portion forming the mcso- 
dermic somites (nt.s.) and a peripheral portion which is cleft by tlie celom (coe.) 
forming parietal mesoderm and viseral mesoderm (v.m.) (after Bailey and 

Miller). 



Fig. 4.— Sections of embryo with constriction between cmbr>'0 and yolk-sac. 
A and C, transverse sections; B and D, longitudinal sections. chorionic 

villi; ax., amniotic cavity; primitive gut; yx.. yolk-sac; of., allantois; J-. 
body stalk (after McMurrich). 
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fcrciilintcd into two ilistinct layers, an outer syncytial and an inner 
cellular layer, wlnVli together comprise the tropliodenn, so named from 
the role it ])l;j}s in the nutrition of the embryo. The trophoderm and 
the parietal ine.soderm to^'ether cnmpri.se the chorion® (fig. 2 A). As 
a re.suh of the enlargement «»f the extra-embryonic cclom, the embr 3 ro 
proper beconie.s separated increasingly from the chorion and remains 
attached to it only by a cord <if mc.sodcrm known as the body stalk ® 
( fig. 2 li). 'I'he youngest human embryos which have been observed are 
at this st.nge of development. 

While the formation of the primitive embryonic layers proceeds in 
this w.iy, a linear opacity, the primitive streak, gradually becomes mani- 
fest on the surface of the embryonic disk. Anterior to the primitive 
strcidv, an opacpic hand, the axi;d line, .np])cars -* (fig. 3 /I). In a cross- 
section of the latter, it is seen to be composed of a local proliferation of 
cells of all the primitive layers. As mentioned, the proliferating meso- 
derm insinuates itself between the ectoderm and entoderm, and the 
peripheral ptirtion ttn<lcrgocs internal cleavage. In sections, the meso- 
derm is seen to be divided by a shallow longitudinal groove into the 
peripheral cleft portion and a paramesial .solid portion. The surface of 
the {mramesial .<nhVl portion of the mc.sodcrm becomes segmented trans- 
versely, forming somites or body segments. A longitudinal groove 
which appears in the ectoderm of the axial line gradually deepens to 
form the neural groove. By subsequent fusion of the margins over the 
tnmgh of this groove, the neural tube is formed - (fig. 3 B). 

In its earlier stage.s, the embryonic di.sk may be conceived of as float- 
ing on the upiJcr portion of the yolk-sac. Subsequently, a furrow 
flevelops at the i>eriphcry of the disk and deepens jjrogressively until the 
opposing edges approximate and fuse vcnirally in the median plane, thus 
giving C 3 ’lindric form to the embryo ® (fig. 4 C). A portion of the yolk- 
sac is thereby constricted oil and enclosed within the embryo as the 
primitive digestive tract, while by the same process the amniotic cavity is 
extended complcteh' around the embiy-o and forms a constriction about 
the body stalk which thus comjjletes the fonnation of the umbilical cord. 
The anterior and posterior extremities of the embryo meanwhile fold 
ventrally on the body, forming respectively the head and tail folds* 
(fig. 4 JD) . The embryo at this st£^e is suspended in the amniotic cavity 
by the umbilical cord. 

Early in the history of the yolk-sac, the allantois originates from it as 
an evagination^ (fig- 5). Its growth proceeds through the body stalk 

3. McMurrich, J. P.: Development of the Human Body, ed. 7, Philadelphia, 
P. Blakiston's Son & Co., 1923, p. 41. 

4. Lewis, F. T. : The Early Development of the Entodermal Tract and the 
Formation of its Subdivisions, in Keibel and Mall: Manual of Human Embry- 
ology, Philadelphia, J. P. Lippincott Co., 1912, vol. 2, p. 295. 




Fig, 6, — Median longitudinal section of Mall’s series 391 (after Lewis in Kcibel 
and Mall: Manual of Human Embryology). 



Fig. 7. -A. median longitudinal section of model of raudal 
from His’ collection in which gradual separaUon of the “adder fro Jh ^ 
is shown diagramatically by the series of dotted ines neural tube; 

Keibel and Mall: Manual of Human Embryology) ; „cm- 

«j., urorectal septum; al, allantois; f., doa^^ 

brane; c/i.w., chorionic villi. B. ventral aspect of of ^ 

embryo from His’ collection in which cloacal membrane (f-w.) oc P 
of a groove (after Keibel). 
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aiul ultiinalcly reaches the ])IaceiUa^ (fig. 6). The foregut and hindgut 
originate also as evagiiiatioiis of the yolk-sac. The caudal portion of the 
hindgut ex])ancis as the cloaca, the interior of which communicates 
directly with that of the hindgut and that of the allantois. In man the 
cloaca is a temporary structure, hut in the amphibia, reptiles and birds 
it is {K'niianenl. 

During the formation of the tail-fold, the ventral portion of the 
climcnl entoderm hecomes ap])ro.\imntcd to and fuses with the ventral 
ectoderm to form the cloacal iiieinhranc '■ (fig. 7//). Through increase 



Fig. 5. — Median longitudinal section of Minot's embryo (after Lewis in Keibel 
and Mall: Manual of Human Embryology). 

in the surrounding mesoderm, this membrane becomes folded into the 
substance of the embryo so that seen from without it lies at the bottom 
of a shallow groove situated at the ventrocaudal region of the body® 
(fig.7S). 

5. Felix, W.: Tlie Development of the Urinogenital Organs, in Keibel and 
Mall: Manual of Human Embryology, Philadelphia, J. P. Lippincott Co., 1912, 
vol. 2, p. 869. Keibel, F.: Zur Entwickelungsgeschichte der Harnblase, Anat. 
Anz. 6:186, 1891; Zur Entwickelungsgeschichte des menschlichen Urogenital- 
apparates, Arch. f. Anat. u. Entw., 1896, p. 55. 

6. Footnote 5 (second and third references). 
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Brunn^o and Albarran.“ Bridoux^ pointed out that while many 
observers agree on the existence of these glands their descriptions of 
them are not m accord. It appears, therefore, that the question of the 
existence of glands in the mucosa of the normally developed bladder 
remains an open one. 

In reported histologic studies of exstrophy of the bladder, on the 
other hand, glands have been observed consistently. Thus, glandular 
tissue was present in each of a total of eighteen cases of exstrophy of 
the bladder examined by Shattock,« Enderlen « and Scholl.^ The ages 
of their patients ranged from a few months to 77 years. In the cases 
of two new-born infants, on the other hand, Enderlen found normal 
transitional epithelium but did not find glands, and Formiggini found 
cystic cavities but did not find glands. Enderlen concluded that glandular 
tissue normally is present in cases of exstrophy of the bladder in which 
the patient is more than a few months of age. 

The literature on the histogenesis of glandular mucosa in exstrophy 
of the bladder has been reviewed by Formiggini. Enderlen interpreted 
its presence as a result of metaplasia following a functional change in 
the mucosa induced by mechanical irritation, by drying and the decom- 
position of urine. Ehrich expressed the belief that the glands develop 
from a displaced or undeveloped spur of cloacal entoderm whereby 
embryonic epithelium of the dorsal or rectal wall of the cloaca is included 
in the ventral or vesical wall. Reichel proposed the explanation that 
the glands result from failure of cloacal epithelium to be differentiated 
normally as vesicle epithelium and that thus it contains glands like those 
of the rectal mucosa. Righetti studied histologically the rectum of a 
patient with exstrophy of the bladder and found that the mucosa of the 
rectum in certain areas contained epithelium of the vesical type and in 
other regions undifferentiated epithdium, which he interpreted as cvolv- 


10. Von Brunn, A. : Ueber drusenabnliche Bildungen in der Schleimlwut dcs 
Nierenbeckens, des Ureters und der Harnblase beim Menschen, Arch. f. mikr. 


Anat. 41:294, 1893. 

11. Albarran, J.: Les tunieurs de la vessie, Paris, G. Steinhcil, 1892, pp. 494. 

12. Bridoux, Henri: A Case of Adenoma of the Bladder with Remarks on the 

Pathology of the Affection, Am, J. Urol. 9:514, 1913. ^ 

13. Shattocl^ S. G.: Specimens of Epispadias and Extroversio Vesicae Shmving 
an Attachment of the Muscular Wall of the Bladder to the Back of the 1 uDic 


Bones, Tr. Path. Soc., London, 1894, vol. 45, p. 117. 

14. Enderlen, K: Zur Histologic der Schleimhaut der ektopiertcn Jla 
Verh^dl. d. deutsch. path. Gesellsch. 7:167, 1904. 

15. Formiggini, Benedetto; Contributo alio studio istologico della 

vesicale extrofica, Riforma med. 36:252, 1^0. ^ , 

16. Ehrich, E,: Gallertkrebs der ekstrophierten Harnblase. Beitr. z. kl • 

30:581, 1901. 


17. Quoted by Formiggini. 
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'J'lic primary excretory duel, which is formed by the fusion of the 
tubules of the pronephros, grows downward and joins the ventral por- 
tion of the cloaca. I.aler, it serves as the excretory duct of the 
mesonephros, at which lime it is known as the wolffian duct. From this, 
the anlage of the ])crmanent kidney is formed. 

Botli the bladder and the rectum are formed from the cloaca by the 
downward extension of the fold of tissue between the allantois and the 
hindgut. 'J'he ]xirtition thus formed is known as the urorectal septum ° 
(fig. 7 .■/). 'rile ventivil portion of the cloaca thus divided is the vesico- 
urethral anlage. and the dorsal portion is the rectal anlage. Fusion of the 
urorectal sejitum with the cloacal membrane divides the latter into an 
anterior urogenital and a posterior anal membrane. The cephalad por- 
tion of the vcsico-urethral anlage retains its attachment to the allantois, 
'riie bladder finally is formed by the enlargement and cephalad growth 
of the vesico-urelhral primordium, the caudal portion remaining narrow 
as the urcthni. iiy gradual absorption of the lower portion of the 
wolflian duct by the vcsico-urethral <*inlagc, the ureter comes to open into 
it. ( iradually, the urethral orifice is shifted to its final position at a point 
lateral to and above the orifice of the wolfhan duct. Meanwhile, the 
allantois undergoes retrogressive changes by which ultimately it is 
reduced to a solid fibrous cord which extends from the apex of the 
bladder to the umbilicus as the urachus. The anal opening is formed by 
Iicrforatiou of the anal membrane. Thus it is seen that the bladder and 
rectum arc derived from a common embrj'onic structure, the cloaca. 

HISTOLOGY 

The histologic structure of the bladder in persons with exstrophy 
usually is unlike that of the normal bladder. The lining epithelium of 
the normal bladder characteristically is of the transitional type. State- 
ments to the effect that glands in the mucosa of the normal bladder do 
not exist appear in some authoritative works on anatomy (PiersoP) 
and histology (Bohm, von Davidoff and Huber ®). In others, it is stated 
that usually in the mucosa about the urethral orifice and occasionally also 
in the fundus of the bladder mucous follicles are present which have 
been described as glands by several observers, including Kolliker,® von 

7. Picrsol, G. A.: Human Anatomy, Philadelphia, J. P. Lippincott & Co., 
1923, vol. 2, p. 1909. 

8. Bohm, A. A.; von Davidoff, M., and Huber, G. C. : The Pelvis of the 
Kidney, Ureter and Bladder, in Textbook of Histology, Philadelphia, W. B. 
Saunders Co., 1916, p. 337. 

9. Kolliker, A.: Physiological Remarks: Development of the Urinary Organs, 
in Manual of Human Histology, London, The Sydenham Society, 1854, vol. 2, 

p. 208. 
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brane. Von Geldern « accepted the view of Johnston « that the cause 
of exstrophy of the bladder complicated by intestinal fistula is early 
rupture of the cloacal membrane with arrested development of the 
urorectal septum.. He suggested also that disturbance of chemical 
balance underlies these factors. 

Young considered Keibel’s theory the most tenable. Keibel demon- 
strated that the cloacal membrane arises from the caudal portion of the 
primitive streak, in some cases extending beyond its usual anterior.limit 
on to the body stalk and thereby covering the region which gives rise to 
the genital papilla and a portion of the lower abdominal wall. He con- 
sidered the primitive streak of mammals as the equivalent ,of the blasto- 
phore of lower vertebrates and expressed the belief that exstrophy of the 
bladder results, therefore, from persistent open blastophore. 

Gilis agreed with Keibel that exstrophy of the bladder results from 
the perforation of the cephalad extension of the cloacal membrane, but 
he did not agree that it has the phylogenetic significance attributed to it 
by Keibel. Gilis added what seems to be a significant pointy that 
normally the infra-umbilical region is strengthened by the medial growth 
of the protovertebral laminae of mesoderm whidi give rise , to the 
abdominal muscles and fascia. Exstrophy of the bladder may result, 
therefore, from failure of these musdes in their development sufficiently 
to reinforce the cloacal membrane. 


PATHOLOGY 

C^cinoma is a rare compliration of exstrophy of tlie bladder. 
Usually in persons with exstrophy of the bladder there are varying 
d^ees of local inflammation, the result of mechanical and chemical 
irritation and infection. Associated ascending infection is common, and 
death usually is caused by toxemia of infection or of renal insufficient. 
We have noted reports in the iiterature of nineteen cases of carcinoma 
complicating exstrophy of the bladder. Fourteen of these were of 
adenocarcinomas and two were of squamous-cell carcinomas; a histologic 
report was not included in three cases. 

Although adenocarcinoma is of comparatively rare occurrence m 
the normal bladder, it is the type which most commonly occurs m 
exstrophy of the bladder. According to Young, adenocaranoma com- 
prises not more than 1 or 2 per cent of all the tumors of the bladder. 
In 369 tumors analyzed by Gardner,®^ four were diagnosed adenoca - 


22. Von Geldern, C. E.: The Etiology of Exstrophy of the BIadd«s-, Arch, 
irg. 8:61 (part 1) (Jan.) 1924. 

23. Johnston, T. B., quoted by von Geldern. T.,mnrc nf the Bladder 

24. Gardner, J. A.: Oinical Results in OP««t.ons on Tumors of t^ 
Various Operators for the Last Fifteen Years (A Renew o . 

■. Am. Urol. A., 1915, vol. 9, p. 165. 
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ing al certain })oiiits toward tlie vesical type and at others toward the 
intestinal type. Rcinedi declared that certain glands derived from 
substrata completely foreign to either bladder or rectum become abnor- 
mal in early periods of life for unknown reasons and persist throughout 
life. Formiggini concluded that while these theories are seductive, there 
is as yet no proof for tlie correctness of any of them, and that Enderlen's 
theory might be acceptable if it were based on observations in more than 
two cases. 

ETIOLOGY 

I'hc ultimate cause of exstrophy of the bladder is not known. 
According to Young,”* the existing theories collectively propose that 
this anomaly results from: (1) mechanical rupture; (2) pathologic 
lesions, or (3) defective embryonic development. The basis of the first 
conception is the assumption that the bladder ruptures from occlusion of 
the urethra. Hutchins and Hutchins credited the origin of this con- 
ception to Bon and Duncan.®" The adherents include Mueller, Rokitan- 
sky, Winckel, Brandi and Tiersch. Young pointed out that it fails to 
explain the associated cpispaditis and ununited pubes, and for these 
reasons the theory no longer has any proponents of note. Velpeau is 
said to have expounded the second hypothesis in which exstrophy of the 
bladder is interpreted as resulting from ulceration of the lower anterior 
abdominal wall, including the dorsal surface of the penis in the male, 
followed by the formation of adhesions. This theory does not explain 
the constant anatomic relations observed in this condition, and for this 
reason it likewise has been discarded. The adherents of the third hypoth- 
esis, Unit exstrophy is the final result of defective embryonic develop- 
ment of the bladder, include St. Hilaire, Meckel, Jaimain, Vialleton, 
Kcibcl, Gilis and others. 

There are several modifications of the third hypothesis. Jaimain 
proposed that exstrophy of the bladder results from malunion in the 
median plane of the abdominal wall similar to that of the face in hare- 
lip. Kelly and Burnam®^ supported this view. Young expressed the 
belief, however, that this cannot be the cause, as the entodermal cavity 
from which the bladder is derived is closed from its beginning, 
Vialleton assumed that the cloacal membrane extends forward to an 
abnormal degree as a result of a primary defect in the abdominal wall, 
and that exstrophy results from the natural perforation of this mem- 

18. Young, H. H. : Practice of Urology, Philadelphia, W. B. Saunders Com- 
pany, 1926, vol. 1, p. 538 ; vol. 2, p. 63. 

19. Hutchins, E, H., and Hutchins, A. F. : Exstrophy of Bladder with Success- 
ful Transplantation of Ureters into Rectum, Surg. Gynec. Obst. 36:731, 1923. 

20. Bon and Duncan, A., quoted by Hutchins and Hutchins. 

21. Kelly, H. A., and Bumam,' C. F.: Diseases of the Kidney, Ureter and 
Bladder, New York, D. Appleton & Company, 1914, vol. 2, p. 385. 
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attended dances and other social functions. She had never been able to control the 
flow of urine and had always worn napkins to collect it. The urine contained 
slight amounts of blood. ■ Menstruation began at 14; the periods always had been 
regular but were associated with considerable pain. Two years before admission, 
local burning and aching appeared ; diis was increased on walking. The amount of 


Fig. 8 (case 1).— Exstrophy of the bladder complicated by carcinoma. 




Fig. 9 (case 1 ).— Excised bladder. 


Uood ta the «rl«= •»<! 

nave negative res 


:g,) during the last trvo years. umbilicus was 


The general L-g-d pcoicie ^ ... 

absent and a mass about 8 cm. m diam covered « 

teween fl.e widdy ®, S 



JVDD-THOlilPSON— EXSTROPHY OF BLADDER 


651 


cinoina. There were nineteen (2.19 per cent) adenocarcinomas in 867 
tumors of the normally developed bladder at the Mayo Clinic. 

The mode of origin of adenocarcinoma in the normally developed 
bladder is not known. Young observed that the glands which are present 
in the mucosa of the normal bladder resemble the prostate and the glands 
of the prostatic urethra, and also that adenocarcinoma of the bladder 
commonly resembles carcinoma of the prostate. Verhoogan added 
that adenocarcinoma of the bladder is encountered almost exclusively in 
the male. In contrast, the adenocarcinoma in exstrophy of the bladder 
usually resemble adenocarcinoma of the bowel ; a considerable proportion 
occurs in females. Ilnderlen suggested that adenocarcinoma in exstrophy 
of the bladder results from metaplasia. This hypothesis is based on his 
conclusion that transitional epithelium is “normal” in exstrophy of the 
bladder since he found it in those of two new-born infants. Scholl 
expressed the belief that adenocarcinoma in exstrophy of the bladder 
rc.sults from a combination of metaplasia and hyperplasia. As we have 
pointed out, the presence of glandular tissue in most persons with 
exstrophy of the bladder in whom histologic studies have been made 
indicates that it is present normally. 

From the embiyologic considerations outlined, however, it seems 
logical to assume that the presence of glandular tissue in the bladder is 
a result of cell inclusion. The fact that both the bladder and the rectum 
are derived from the embiyonic cloaca and the fact that exstrophy of 
the bladder is a congenital defect make this at least a reasonable assump- 
tion. Ehrich expressed this opinion in the statement that the bladder 
and intestines come from the same source, and that in their abnormal 
situation the tissues in exstrophy of the bladder have not the stimulus 
to assume normal transitional epithelium but retain that of the intestine. 
The occurrence of intestinal fistula complicating exstrophy of the bladder 
as in Keith's,®® Hache’s ®^ and von Geldern’s cases further demonstrates 
the close relation of the intestine to the bladder developmentally. Any 
attempt to explain the occurrence of adenocarcinoma in exstrophy of the 
bladder at least must consider these factors. 

REPORT OF TWO CASES 

Case 1. — woman, aged 38, came to the Mayo Clinic, Feb. 3, 1925, because of 
congenital deformity of the bladder. The deformity had caused little inconvenience 
until two years previously. As a child she had taken an active part in all games 
with other children ; she had ridden a bicycle, and up to the last two years she had 

25. Verhoogan, J. : Neoplasmes de la vessie, Encj’cl. franc, d’urol. 4:425, 1921. 

26. Keith, A.: Malformations of the Hind End of the Body, Brit M. J. 2: 
1857, 1908. 

27. Hache, Maurice : Pathogenie et TOrietes de I’exstrophie de la vessie. Rev. 
de chir. 8:218, 1888. 
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issued from a point posterior to the mass. The inguinal lymph nodes were 
enlar ged. The urine contained albumin, blood and pus. Roentgenograms 
revealed congenital absence of the pubic bones. On the basis of these observa- 
tions, a diagnosis of carcinoma complicating exstrophy of the bladder was made 
and was confirmed by biopsy. 

The entire bladder was excised with the actual cautery (fig. 9). The right 
ureter appeared normal; fluid under pressure spurted from the left ureter, sug- 
gesting. hydronephrosis. The ureters were drawn outside the wound and small 
retention catheters inserted. The patholoipc diagnosis was adenocarcinoma of 
the bladder (figs. 10 and 11). 



Hg. 12 (case 2 )^E«ln.phy of the bladder complicated bf caranonm. 
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Fig. 10 (case 1).— Adenocarcinoma of the bladder; X ISO. 



Fig. 11 (case 1).— Adenocarcinoma of the bladder; XSSO. 
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Abstract of Cases 


Case Tear 

Author 

Ses Age 

Lesion 

iTreatment 

1 

lew 

Bergenbem (quoted 
by Lecene and Hovel- 
acque) 

H 

SB 

Adenocar- 

clnoniB 

Transplantation 
of ureters; 
extirpation 

2 

1901 

Ebricb (Beltr. z. kiln, 
cblr. 80 : 681 , 1901) 

F 

44 

Adenocar-' 

clnoma 

Besection and 
transplantation 
of ureters and 
bladder mucosa 

3 

1904 

Bnderlen (Verhandl. 
d. deutscb. path. Ge- 
sellscb. 7:107, 1904) 

F 

38 

Adenocar- 

cinoma 

Badiotberapy 

4 

1909 

Bampe (Verbandl. d. 
deutscb. Gesellsch. 1. 
Otair. 34:220, im) 

M 

48 

Squamous- 
cdl carci- 
noma 

Sonnenberg 

operation 

5 

1900 

Von Biselsberg (Wien, 
kiln. Wcbnsmr. 10 : 
648, 1906} 

F 

61 

Adenocar- 

cinoma 

Bxtirpation 

6 

1909 

Sargent (Brit. J. Oblld. 
Bla. 6:116, 1909) 

M 

89 

(Slnlcaliy 

carcinoma 

None 

7 

mo 

Wagner (Deatsehe 

Ztscbr. 1. Cblr. 104: 
380, 1910} 

M 

49 

Adenocar- 

cinoma 

Biopsy only 

8 

1910 

Hager (Mdncben. med. 
Wcbnaebr. 67 : 2300, 
1910} 

M 

60 

Adenocar- 

cinoma 

Symptomatic 

9 

1010 

Scbloffer (Wien. kiln. 
Wcbnscbr. 28 : 1168, 
1910} 

M 

46 

Carcinoma 

Curettage 

10 

1912 

Lecene and Hovdacquo 
(J. d’nrol. mdd. et 
cblr. 1 : 493, 1912} 

M 

48 

Adenocar- 

cinoma 

Symptomatic 

11 

1012 

Lecene and Hovel* 
aeque 

F 

67 

Squamous- 
cell carci- 
noma 

Previous nephrec- 
tomy 

12 

1914 

Hunner (In Kelly and 
Burnam: Biseaaea ol 

F 

26 

Adenocar- 

cinoma 

Not mentioned 


Comment 
WorJdofrGmoi. 
alter operation 

Sled elEbth day 
Irom ascendine 
Infection and 
uremia 

Not benefited 


Recovexd; not 
traced 

Uvimr IB mos. 
alter operation 

Not traced 

Not traced 


Uedlromea- 

cbexla 

Bcault not men' 
ttoned 

Sled from ea- 
ebexla 

Died from ca- 
chexia 

Ncsult not men- 
tloncd 


the Kldneyt Ureter and 
Bladder, Neir York, 
B. Appleton & Co., 
1914, vol. 2, p. 389} 

IS 1918 Geragtaty (In Cabot: 

Modem Urology, 
Fblladelpbla, iLea & 
Feblger, 1918, vol. 2, 


f 48 


Adenocaiv 

clnoma 


Not mentioned Hcsult not men- 

tioned 


14 

1921 

p. 208} 

Lotror (Ann. Surg. 
78:364, 1921} 

M 

BO 

Clinically 

carcinoma 

Transplantation 
of ureters; 
excision 

Bcsultnotmen- 

tioned 

16 

1922 

Sdboll (Ann. Surg. 75: 
366, 1922} 

F 

23 

Adenocar- 

cinoma 

Transplantation 
of ureters; 
excision 

Died 2 yews 
after operation 
from metastasis 



finfinll 

M 

48 

Adenocar- 

Kxclslon; radinm 

Beported weini 






clnoma 


mos. loter 

17 

1922 

Dupont (J. d'urol; 
med. et ^ir. 18 • 

M 

88 

Adenocar- 

cinoma 

Inclusion of 
rectum 

D'eti 2 tiws 

utter operation 

IS 

1924 

4S8, 1922) 

Murpby (J- A. M. A. 
82:784 [March. 8] 

M 

49 

Adenocar- 

cinoma 

Badlum emana- 
tion 

gsaialacd after 
14 mos. 

19 

1926 

1924} 

McCarthy and Hmp- 
erer (J. Urol. 14 : 

M 

47 

Adenocar- 

clnomB 

Dlntbermy: ure- 
terostomy; nepb- 
lectomy and 

Conrfllcswut nt 
time ol report 



419, 19^}> 




cystectomy 

U’ril 3 If,*" 

alter operflHon 

20 

1928 

Judd and Thompson 

F 

38 

Adcncear- 

efnoma 

Cautery excision 
of bladder 
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Exaiiiinatinii revealed the exstrophy of the bladder to be partially covered by 
transplanted tissue (fig. 12). The mucosa of the bladder was hypertrophied, and 
it bled on slight handling. Bilateral inguinal hernia was present. The systolic 
blood pressure was 180 and the diastolic, 95. 

The urine contained blood and albumin. The hemoglobin was 48 per cent, and 
the blood urea was 32 mg. for each hundred cubic centimeters. Roentgenograms 
revealed absence of the pubic bones. Dye was excreted normally from both 
ureters. The condition was diagnosed as carcinoma complicating exstrophy of the 
bladder and was confirmed by biopsy (fig. 13). 

The mucosa of the bladder was completely excised. The thickened and dilated 
ureters were not disturbed. Radium was applied. The pathologist reported 



Fig. 13 (case 2). — Adenocarcinoma of the bladder. 


adenocarcinoma. On April 18, 1928, the patient reported that his general health 
was good. 

(This case was reported previously by Scholl.) 

COMMENT 

Of the twenty cases reported, including the ones in the table, twelve 
occurred in men, seven in women, and in one case the sex was not men- 
tioned. Two occurred in the third decade, five in the fourth, nine in the 
fifth, three in the sixth and one in the seventh. As stated, adenocar- 
cinoma was reported in fifteen cases, squamous-cell carcinoma in two, 
and in three cases a histologic report was not made. 

Surgical treatment was employed in ten of the twenty cases. In 
three, simple extirpation of the bladder ^vas performed. In one case 








THE RELATIVE MECHANICAL STRENGTH OF 
ENTEROSTOMIES PERFORMED WITH 
AND WITHOUT CLAMPS 

AN KXPERIMENTAL STUDY* 

R. A. CUTTING, M.D., Ph.D. 

NEW ORLEANS 

Certainly many, perhaps most, of those members of the medical pro- 
fession whose interest leans toward surgery, especially abdominal sur- 
gery, have a fairly well defined mental reaction either in favor of or 
opposed to the use of clamps in intestinal work. On the one hand, 
there are those who believe that the use of clamps is a pernicious prac- 
tice and one which should be generally abandoned, while, on the other 
hand, there are those who feel that for one reason or another the technic 
in which clamps are used is preferable to a clampless method; still 
others believe that the use of clamps should perhaps be confined to the 
occasional or relatively unskilful operator,- while a clampless technic 
should be the goal of the finished surgeon. 

Though there have appeared in the literature over a number of }'ears 
various studies which have pointed out some of the possible unfavor- 
able sequelae of the use of clamps in intestinal operations, especially the 
occurrence of hematomas and postoperative ulceration, direct experi- 
mental attacks on some of the other aspects of the problem, especially 
■the relative mechanical strength of enterostomy wounds made with and 
without clamps, have not, to my knowledge, been subjected to systematic 
investigation. 

The experiments to be reported in this paper were undertaken 
pr imar ily to eluddate the question of mechanical strength, but an 
attempt was made at the same time to observe and record a few other 
phenomena which might present some bearing on the general question 
of the advisability or inadvisability of the use of clamps in intestinal 

operations. 

TECHNIC EMPLOYED 

Recording Pressure.— It has been assumed, for purposes of the 
present investigation, that the pressure required to burst the mtestma 
wall is an accurate measure of the mechanical strength of the Matter, 
for recording bursting pressures the mercury manometer has 
accepted as the standard of measurement. 

* From the Department of Surgery, Tulane University of Louisiana 
of Medicine. 
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(reiwrted by Scholl), transplantation of the ureters by the Mayo®* 
method preceded removal of the bladder. The patient died two years 
after the operation from metastasis. In the two cases reported here, 
the patients are alive and well three and six and a half years, respectively, 
after operation. Von Eiselsberg’s patient was living and well fifteen 
months after extirpation of tlie bladder. In three other cases transplan- 
tation of the ureters into the colon was performed. One of these 
patients died eight days later from uremia following ascending renal 
infection. In the other two cases, resection of the bladder was per- 
formed secondarily. In one case, the patient was well and working six 
months after operation ; in the other case, the result was not stated. In 
one case nephrectomy, abdominal ureterectomy and cystectomy were 
performed; the patients were recovering from these operations at the 
time the report was made. In one case the Sonnenberg operation was 
performed ; the patient recovered but was not traced afterward. 
In one case exclusion of the rectum was attempted, from which 
the ]xiticnt died. Radium was applied in two cases as the only treatment; 
one of the patients was well after fourteen months, but the other was not 
improved. Six patients either did not receive treatment or were given 
symptomatic treatment only, and in two cases the treatment was not 
mentioned. Three of the six patients died from cachexia; two were not 
treated because of bad prognosi.s, and the result was not stated with 
regard to the other. 

28. Mayo, C H.: Exstrophy of the Bladder and its Treatment, J. A. M. A. 
69:2079 (Dec. 22) 1917; Exstrophy of the Bladder, Contribution to Medical and 
Biologic Research, New York, Paul B. Hoeber, 1920, p. 1095; The Formation of 
a Cloaca in the Treatment of Exstrophy of the Bladder, Surg. Clin. N. Amer. 
1:1257, 1921. Mayo, C. H., and Hendricks, W. A.; Exstrophy of the Bladder, 
Surg. Gynec. Obst. 43:129, 1926. Mayo, C. H, and Walters, Waltman: Trans- 
plantation of Ureters into Rectum : End-Results in Thirty-Five Cases of 
Exstrophy of Bladder, J. A. M. A. 82:624 (Feb. 3) 1924. 
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the rubber tubing in the latter part of the apparatus, the stem of the inaer 
tube of an automobile with its contained air valve was introduced, so as to 

latter had initiated its action. Such an apparatus, though somewhat ungainly 
m size, was found not to have an undue reserve capacity in cases in which 
the bursting pressure required was near normal, and by the exercise of a 
little care it was found feasible to increase the pressure in the system up to 
the point of ruptme of segments of intestine with a fair degree of rapidity 
and without causing much oscillation in the columns of mercury. It was 
considered^ that the bursting pressure of a segment of intestine might vary 
with the interval of time during which it was required to withstand the 
development of the pressure; accordingly, when the ruptures were performed, 
air ^was forced into the system as rapidly- as could be done without inducing 
oscillation of the mercury columns and as steadily as possible. The intestinal 
wall was required, to withstand pressure for about ten seconds under these 
circumstances, and the pressure at which the rupture occurred could be 
determined with an accuracy well within 5 mm.; an attempt was not made, 
however, to estimate more accurately than 5 mm., since the pressure magni- 
tudes in every case brought the margin of error under these conditions well 
within an experimental error of S per cent, which could hardly be considered 
of serious moment in a consideration of end-results under the contemplated 
experimental conditions. An error of 5 per cent, however, as here mentioned, 
must be regarded as the maximum, since in most cases a difference of 5 mm. 
in recording a given pressure represents a far smaller variation in percentage 
than even a half of this, i.e., 2.5 per cent; since the magnitudes recorded are 
in nearly all cases more than 200 mm. In some cases, an error of 5 mm. in 
reading would represent less than one-half of 1 per cent. 

Sections of intestine to be tested for bursting were cut so as to measure approxi- 
mately 5 inches (12.7 cm.) in length in all cases, including those which were made 
to include an operative enterostomy opening. 

Operative Procedure . — The operative procedures were performed under strictly 
aseptic conditions, under general ether anesthesia by the open drop method 
and without preliminary narcosis. A high right rectus incision, about 6 cm. 
long, was employed; after the skin, subcutaneous tissues and rectus sheath 
had been incised, the belly of the rectus muscle was retracted laterally and the 
incision completed through the posterior sheath and peritoneum in the line of 
the incision in the skin; the omentum was pulled up\vard and displaced to the 
left, and a loop of jejunum, as near the duodenum as convenient, was delirere 
through the abdominal wound. Two lateral anastomoses were made in each 
animal between the limbs of such loops without interrupting the continuity 
of the lumen around the communicating bend, dependence being placed on 
the kinking of this area to produce sufficient obstruction to insure the 
of the enterostomy opening (fig. 2), a form of obstruction .vhich proved to 
be adequate in all cases. Both anastomoses were 
exactly the same technic as far as was humanly possible, with ^ « s'W 
exception that one was performed with the aid of light ’ 

while the other was performed with the aid of guy su 
nsed were of the double Waded “Doyen" pattern and were 
tubing; they were applied solely for purposes of 
control of intestinal leakage. The pressure exerted by them «as m 
so great as to produce any considerable degree of hemostasis 
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. sections of intestine removed from dogs recently 
killed in the course of other experiments showed that it might be necessary 
in the course of these experiments to record pressures well over 1,000 mm. of 
mercury; accordingly, a 4 foot manometer was constructed by bending glass 
ubmg in the shape of a U, mounting it on a wooden support, as illustrated 
m figure 1, and filling it to a depth of 2 feet (61 cm.) with metallic mercury, 
lo one arm of the manometer was attached a piece of fairly stiff-walled 
rubber tubing, about 3 feet (91 cm.) long, and to the other end of the tubing 



Fig. 1. — Apparatus used for introducing air pressure into segments of 
intestine and for measuring the pressure required to burst these segments. An 
automobile tire pump forces air through the valve stem of an inner tube with 
its contained air valve and thence through rubber tubing to the segment of 
intestine; the other end of the intestinal lumen connects by rubber tubing with 
one arm of a large mercury manometer. 


was fitted a short piece of glass tubing over which a segment of intestine 
might be slipped and subsequently tied. Air pressure was introduced into the 
other end of the segment of intestine by means of an automobile tire pump 
connected by means of another length of rubber tubing and a glass end piece 
over which the free end of the intestinal segment might be fitted and tied as 
before. As a connection between the regular screw cap of the tire pump and 
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loop on the mucosa" or “Connell" stitch; the third line of sutures was com- 
pleted with the right-angled stitch of Cushing," and the fourth line the 

“ "anti-leak" right-angled stitch. Needles 
swedged onto chromicized catgut were used in suturing the second and third 

suture lines to minimize trauma, but' an ordinary intestinal needle was used 
to carry the silk. 


^ite silk was used to distinguish those entero-enterostomies which were 
made with guy sutures,” while black silk was used to distinguish those made 
with clamps. Variations in technic, sucli as extra sutures at possible weak 
points, were never permitted, nor was unusual technical care allowed in the 
case of any animal. The aim throughout the experiments was to approximate 
the same degree of care taken under actual working conditions in hospital 
routine. I myself performed all of the procedures with the help of a laboratory 
technician, previously trained as a nurse, as assistant, and a laboratory diener 
as anesthetist. The time consumed in performing the operations varied from 
an hour to an hour and a half or was occasionally longer in cases in wbid) 
considerable troublesome hemorrhage was encountered. 

An attempt was not made to keep a record of the exact operative time^ 
since any attempt to do so might unconsciously have acted as an incentive 
to a betterment of previous records and so have predisposed to unwise haste. 
Postoperatively, the animals did not recieve food for twenty-four hours, bnt 
were allowed all the water they wanted; feedings of milk were given on the 
second day, and bread and meat were added to the diet on the third and subsequent 
days. 


Number and Selection of Animals. — ^In experimental work, one is always some- 
what at a loss to know just how many animals should be used for any 
given experimental series, and the decision must ultimately depend on a 
number of factors. In this series twenty-nine animals were used, three of 
which were not included in the final scries, for reasons which will be given 
presently; the plan followed was to operate and perform autopsy on tan 
animals for each successive postoperative day for twelve days, making observa- 
tions on two dogs directly after operation, and extending the series, by daily 
autopsies on two dogs, so as to include twelve postoperative days. was 
considered that such a series would prove large enough to establish any 
facts of signal significance, on the one hand, and would, on the other, avw 
taxing the experimenter too sorely from the operative point of view. 

It was considered advisable in performing these operations to attempt to 
overcome the factor of possible increasing operative skill, as the senes pro- 
gressed, by the simple expedient of allowing the animals to fall into the sene 
in a haphazard manner; in some of the animals which were operated on eaw 
in the series autopsies were performed relatively late, and vice 
ingly, the distribution as to operative date will be noted to be virt y 

chance distribution. xt o 1027 to 

The course of the investigation extended over a period from Nov. v. i«/, 

March 29, 1928, as shown in table 1. , . • i, not 

Since the possible influence of the sex and size of the 
be predetermined, and the matter of age, etc., was J ^ 

in any case, animals of both sexes and of various 

ditions were selected at random, one enterostomy ^ Xle operation; 
without clamps being performed on the same animal a 8 P® 

the enterostomies were performed close together m the same part 
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it being assumed that macernlioii, or cvi-it Irmiioi'aiy tArtfUmUttiiiU of lUmir, 
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in those cases in which it is aliov/ed to orriir; (uilhrr, nii/li irniimi tilionhl 
be of only accidental occnrrcnrc in iiite.Minal oimmioiiit. 

In the operation in which ciampr. v/m* tlif> iMft’i wh'. Ppplhd fo 
one loop of jejunum, after it was freed of iulcAtiiiti] f-onleol<-. by Mitfi ndih'd 
gently between the gloved finger!:, and th'-ri a si/nilar clamp wa<i nf/lilHI lo 
an adjoining loop in the same fashion; both rhuitis v/ttf. diihuffinf-ntly htomflil 
into such position as to oppose antimesenfer/c hortV-n for iftii'/i-hinA dufiithnf/ 
the clamps then being held in position by fy/o pb'/y* of gar///- uinhUu>A Ui 
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Standards of Comparison. — The enterostomies were made high in the jejunum 
in all cases; the exact distance from the pylorus could not be measured at 
operation, but the variation in the series was not great at autopsy, as shown 
in table 2. 


Table 2. — Distance from Pylorus to First Entero-Enterostomy 
(Measured at Autopsy) 


Doe 

Inches 

Dog 

Inches 

Dog 

Inches 


Ifi 

18 

12 

22 



11 

14 

14 

22 



in 

Ifi 


23 



IR 

Ifl 

IS 

24 


7 

8 


17 

18 

Ifl 


25 

20. 

27 


10 

12 


20 

21 


28 

29 




The pressure repnired to burst ^intes^ 

upper iejunuin) sras found hy .‘^.„TSie other just dislsl! «■«' 

J.I to the two to b„Si« present- Tta. 

were burst end evemges we« ssnde nf tte two^ ^ 

this represents the true notmnl bursti^ P procedure may «" 

cn. is, rf course, cprestionsfc s^ ^^'SJt.'te pen*nh«. «f ^ 
have affected these segments also, lo bursting pressure for 

S tte two intervening a? a d«*»d 

measured and the ‘“^,1 pressure previoudr detenmned- 

by dividing this pressure by the average norm 
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intestine, in an attempt to make conditions as directly comparable as possible 
for a given animal. Under such conditions, the two minor variables — (1) the 
order in which the anastomoses were performed, i.e., whether the technic with 
clamps or that without clamps was used first, and (2) the order in which the 
operations occurred in the intestine, i.e., whether oralward or analward— in 
a given type were considered. It was decided that such variables could best 
be overcome (a) by performing the technic first with clamps in one half of 
the series and first without clamps in the other half, and (ft) by allowing the 
order with respect to the direction of flow of intestinal contents to vary accord- 


Table 1. — Oafa of Investigations 


Dog 

Sex 

Weight, 

Kg. 

Date of 
Operation 

Date of 
Autopsy 

Postoperative 

Days 

1 

P 

0.3 

11/ 9/27 

11/19/27 

10 

2 

P 

8J 

11/ 6/27 

11/18/27 

0 

s 

P 

11.0 

11/18/27 

11/25/27 

7 

4» 

P 

6.2 

11/24/27 

11/28/27 

4 

6* 

M 

12.6 

11/24/27 

11/28/27 

4 

0 

M 

0.2 

12/ 0/27 

12/12/27 

0 

7 

M 

9.5 

12/ 0/27 

12/18/27 

7 

8 

P 

0.0 

12/ 0/27 

12/16/27 

0 

0 

M 

7.1 

12/ 9/27 

12/17/27 

8 

10 

P 

7.0 

12/21/27 

12/28/27 

2 

11 

U 

0.2 

12/23/27 

12/25/27 

Died 

12 

P 

4.5 

12/27/27 

12/29/27 

2 

18 

P 

4.3 

12/28/27 

12/20/27 

1 

U 

P 

11.2 

3/16/23 

2/20/28 

11 

16 

M 

8.3 

2/20/28 

2/24/28 

4 

10 

F 

6.8 

2/20/28 

2/24/28 

4 

17 

M 

6.0 

2/29/28 

8/ 1/28 

1 

18 

H 

10.4 

2/22/28 

8/ 8/28 

10 

19 

M 

9.6 

2/22/28 

8/ 2/28 

9 

20 

P 

10.0 

2/20/28 

8/ 8/28 

8 

21 

SI 

0.2 

3/16/28 

8/24/28 

8 

22 

U 

14.4 

8/17/28 

8/20/28 

12 

23 

M 

11.1 

8/20/28 

8/S/2S 

6 

21 

SI 

0.0 

8/20/28 

8/81/28 

11 

26 

P 

4.8 

8/21/28 

8/24/28 

8 

26 

SI 

0.1 

8/21/28 

4/ 2/28 

12 

27 

P 

4.4 

8/28/28 

8/23/28 

0 

23 

SI 

0.2 

8/28/28 

3/28/28 

6 

29 

SI 

0.6 

8/20/28 

8/29/28 

0 


* Dog 11 died on the second postoperative day ot general peritonitis Dogs i ond 5 \rere 
both operated on tlie same afternoon, and lour days later were living and apparently normal; 
at autopsy, however, they each showed a small area of suppuration at the suture line, which 
was apparently well walled off hy adhesions, but which rendered the animals unfit for the 
purpose of these experiments. Apparently some unrecognised lapse In aseptic technic occurred 
on this particular afternoon. 


ing to chance. The animals numbered from 1 to 13 are those in which the 
technic with clamps was performed before that in which "guy sutures” were 
used, and the animals from 14 to 29 represent the reverse. At operation, an 
attempt was not made to determine the direction of intestinal flow in a 
selected loop, and so a record was not made at the time of operation as to 
the space order (proximal or distal) in which the enterostomies were 
made; at autopsy it was also frequently impossible to determine what the 
space order was, until after the loops had been cut apart and burst so as to 
reveal the identifying silk sutures; by this time there was often a question as to 
just what the arrangement had been previously, so that attempts to make observa- 
tions on this particular feature, even at autopsy, were abandoned early. 
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frequently show the reverse. The occasional considerable variation in 
bursting pressure between the proximal and distal segment is also 
interesting. 

Figure 4 repr^ents graphically the relation between the strength of 
the normal intestine and the sex of the animals. Thirteen males and 
thirteen females are represented, although this equal sex distribution 
occurred by chance. On the whole, the bursting pressure of the female 
intestine is greater than that of the male, weight for weight, tliough here 
again there are many exceptions. 

Position and Character of Rupture of Normal Intestinal Segments . — 
Table 3 shows in detail the position and character of the ruptures which 
occurred in segments of normal intestine. 

Three general varieties were noted: (1) the rupture at the anti- 
mesenteric border, by far the most common variety; (2) rupture at the 
mesenteric border, of much less frequent occurrence, and (3) inter- 
mediate rupture, a still less frequent variety, which occurred between 
the mesenteric and antimesenteric borders. 


Bursting of the most common, or antimesenteric, ^pe occurred in 
74.1 per cent of the cases, of which a few presented a more or less 
slow leak (5 per cent), while by far the greatest number (69 per cent) 
presented diffuse bursting with explosive violence. In the latter the 
bursting usually involved a more extensive rupture of the submticosa 
and mucosa than of the peritoneal coat, so that the peritoneal coat 
characteristically extended, stretched but unbroken, over considerable 
areas of the underlying ruptured tunics; occasionally, however, the 
rupture of all tunics was coextensive. The length of rupture of all 
rogts varied from half an inch to the entire length of the segment in 
some cases. The explosion usually rivaled the detonation of a gmnt 


firecracker. 

Mesenteric rupture was noted in 17.2 per cent of the cases and pre- 
sented the same two subtypes as noted previously, i. e., (a) slow leak 
(6.8 per cent) and (b) diffuse explosive rupture (10.3 per cent); the 
explosive force and extent of the mesenteric rupture was always, how- 
ever, less than that of the antimesenteric variety. The ‘TP® 
"intermediate” occurred in 8.9 per cent of the cases, of which halt 
(two cases) presented slow leaks, and the other half, diffuse rupture. 

Place of Rupture of the Eniero-Enterostomy Opemng.— Table j 
shows the places at which rupture of the various entero-enterosfomi^ 
occurred; since the table rq>resents so many different Postoperative 
intervals, it is difficult to interpret and probably should not 


^’^^The'^plate of rupture in most cases is apparently 
mum mechanical strain. In only four cases m the senes 
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RESULTS 

The results have been tabulated and reproduced. Figure 3 repre- 
sents the various bursting pressures of the caudal and cephalad segments 
of the normal jejunum removed, as previously described, from just 
above and just below the entero-enterostomies. It is interesting to note 
that the bursting pressure of the distal or caudal segment averages 
nearly 7 .5 per cent stronger than that of the proximal segment, the dis- 
tance of intestine intervening between the two being approximately 
10 inches (25.4 cm.). Expressed in millimeters of mercury, the average 
difference is 39.2 mm., which is certainly a significant difference. 
Whether the presence of the intervening entero-enterostomies is to be 
considered as the cause of this difference in bursting pressure or 
whether the difference is inherent in the intestine of the normal animal 
cannot, as previously suggested, be determined from these experiments. 



Fig. 4. — Graphic representation in which the bursting pressures of both 
cephalad and caudad segments are averaged and plotted with respect to the 
sex of the animals used. There is a slight but distinct trend toward greater 
strength in the female intestine. The solid line indicates females and the 
broken line, males. 

It is also interestit^ to note in connection virith this graph that the 
strength of the segments of normal intestine does not bear a simple 
relation to the weight of the animal. Possibly, on the whole, there is a 
slight tendency for the bursting pressure of the intestine of larger dogs 
to be greater, and that of smaller dogs to be less, but the exceptions are 
so numerous and of such magnitude that one is hardly justified in draw- 
ing such a conclusion from this series of animals. On the contrary, 
it is probably not without significance that occasionally, at least, small 
dogs have high intestinal bursting pressure.'*, while larger dogs 
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through the normal intestinal wall noted, and th^e cases all fdl within 
the postoperative interval of eight to tea days. That rupture at the 
angle of the suture line did not occur more frequently probably rannni- 
be interpreted as meaning that this point was unusually strong, but 
rather that the particular way in whidi the enterostomies were 
tended to throw stress along the side of the entero-enterostomy rather 
than at the angle. 

The crux of the investigation is represented in figures 5 and 6 and 
concerns the relative strength of the enterostomies themselves as conva- 


Tasle 4.^Positio» of Rupture of Entero-Enterostomies 
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enterostomies lias again 
to ^Proximately half of normal, hot on the ioUomnTor 
twelf^ day, seems again to be on the increase. When one compare the 
strength of those enterostomies perfonned with clamps with the strength 
of those performed with "guy sutures,” as shown in figure 7, it is seen 
Iiat not much difference is to be found, thou^ if anything, the technic 
employing damps seems to yield a stronger entero-enterostomy, espe- 
ciaHy at the critical period, i. e., when the operative anastomosis is 
weakest, between the second and fourth days. In this connection, it 
should be noted that the graphs are made on the basis of percentage 
strength, rather than on that of millimeters of mercuiy; 1 per cent 
on the graph represents, on the average, 5.85 mm. of mercuiy. 



Fig.!7. — Graphic representation in which the bursting pressure of gastro- 
enterostomies performed with damps is plotted against the bursting pressure 
of those performed without damps (i.B., with ”guy sutures") over a^ period 
of twelve postoperative days. Each day is represented by averaging the 
results from two dogs, four enterostomies being plotted for each day— two with 
clamps and two without The entcro-enterostoroies performed with damps arc 
slightly stronger than those performed without damps, the greater strength 
being apparent on the second, third and fourth days during which the cnlcro- 
enterostomies performed by both methods are weakest. 


These results check fairly well with the experiments of aUumsky, 
ho found the bursting pressure of entero-enterostomies in dogs to 
a (1) one third of that of the normal ^estine immediately alter 
peratioii; (2) to decrease progressively for four days to ^ 

E the latter pressure; (3) to rise progressively to their original strengt 


1. Chlumsky, quoted by Bartlett: After Treatment of Surpeal Patjenls. 
Louis, C. V. Mosby Company, 1920, vd. 2, p. 810, 
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TRAUMA AS A FACTOR IN ACUTE APPENDICITIS 

ADDISON H. BISSELL, M.D. . 

STAMFORD, CONN. 


Because of the many instances in which compensation has been 
denied, trauma as a factor in producing appendicitis deserves attention. 
The pathologic evidence agrees with well known experimental observa- 
tions. When there is a history of trauma to the abdominal wall, followed 
by symptoms and signs of periton^ irritation, the examiner should 
bear in mind the possibility of an inflammation of the appendix. Von 
Neumann 1 reported that trauma plays a part in the cause of acute 
appendicitis in 6.6 per cent of the cases. The four cases reported here 
occurred in 101 appendectomies, making trauma an etiologic factor in 
4 per cent. 

The Idaho Commission ® said that appendicitis from strain is not a 
probability, and rarely, if ever, occurs. 

In a case* which occurred in California, the employee suffered a 
strain while lifting heavy objects, and felt a severe abdominal pain. 
Autopsy six days later revealed a ruptured gangrenous appendix. Expert 
testimony was to the effect that tiiis was merely a coincidence. In 
numerous other incidences, employers have contended that appendicitis 
is not caused by trauma. 

Many cases of traumatic appendicitis have been reported by Smith, ^ 
Soresi,* Sherrick ® and others. Deaver said he had "never seen a case 
of acute appendicitis in which injury was alleged as the direct exciting 
cause in an appendix that did not show some evidence of previous dis- 
ease. It is well known that foreign bodies, fecal concretions, strictures 
of the appendix, and adhesions, are frequently present without giving 
tire patient any trouble or suggestion of a lesion in flie right iliac fossa. 

The experiments of Furbinger and von Hansemann* show'cd that 
they were able to express the contents of a full cecum into the appendix 
by light manual pressure over the cecum and ascending colon, and by 


1. VonNeumann, quoted by Choyce; System of Surgery, New York, Funfc 

& Wagnalls Company, 1912, p. S41. 

2 . Research Report no. 61 National Industrial Conference Board, August, 

133 • 

^ 3. Murphy v. Southwest Shipbuilding Co. C^s. Industrial Cbm. Decisions, 

vol. 7, p. 114. 

4. Smiths Brit. M. J. 1:283, 1923. 

5. Soresi: M. Rec. 99:718, 1923 .' 

6 . Sherrick: Illinois M. J. 2:153, 1915. 

7. Deaver: New York M. J. 85:1105, 1907. wrinloav of Trau* 

8. Furbinger and von Hansemann, in Ludington, N. A. : Etio gy 

matic Appendicitis, J. A. M. A. 80:1448 (May) 1923. 
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on the seventh day, and (4) to equal the intact intestinal wall on the 
tenth day. According to the present experiments, however, as already 
noted, the bursting pressure is lowest on the third. and not the fourth 
day, it supersedes the original bursting pressure on the fifth and subse- 
quent days, rather than merely reaching such pressure on the seventh 
day and shows a marked decrease on the eleventh day, which Qilumsky 
did not note. 


CONCLUSIONS 

1. A constant relationship does not exist between the weight of a 
dog and the bursting pressure of its upper jejunum, the intestine of 
larger dogs often showing relative weakness and that of smaller dogs 
relatively extreme strength. 

2. Under the conditions of these experiments, segments of the upper 
jejunum 12 inches (30.4 cm.) or more cephalad to other segments show 
an average difference of bursting pressure of more than 7 per cent in 
favor of the distal segment. 

3. The jejunum of female dogs is slightly stronger than that of 
males, weight for weight. 

4. Entero-enterostomies performed by both “clamp” and “clampless” 
technics are about one-third as strong as normal intestine immediately 
after they are performed; they progressively decrease in strength for 
three days, then rapidly and progressively increase in strengtli up to, or 
exceeding, the strength of normal intestine by the tenth day, then sud- 
denly fall again to about 50 per cent of the intact intestine on the 
eleventh day, and on the twelfth are again on the ascent. 

5. Entero-enterostomies performed with clamps, when the latter are 
used merely for purposes of “approximation of the parts and for control 
of intestind leakage” are, if anything, slightly stronger than ones per- 
formed with “guy sutures,” especially on the second, third and fourth 
postoperative days, which constitute the critical period. 

6. Entero-enterostomies performed by either method and on all post- 
operative days, up to and including the twelfth, showed marked varia- 
tions in strength, even though operative technic was kept as constant as 
humanly possible and postoperative care was the same in all cases, 
variations exceeding 100 per cent being noted frequently in the early 
three or four days and variations of the order of magnitude of 50 and 
75 per cent being common throughout tlie entire twelve days. 

7. The normal upper jejunum ruptures most diaracteristicall}' (i. e., 
in about three fourths of the cases) at its antimesenteric border, though 
less frequently it ruptures at its mesenteric border, and occasionally at a 
point intermediate between the two ; the characteristic rupture is a diffuse 
one with explosive violence and involves the mucosa and submucosa 
more extensively than the serosa. 
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To argue as to whetlier the organ was normal or not is beside the 
point for the abnormalities that make for easy invasion of the appendix 
by infection after injury are compatible with good health, and often 
impossible to diagnose. The question should be whether an abdominal 
injury, or unusual strain, can precipitate the clinical picture of acute 
appendicitis? There does not seem to be any doubt that this can take 
place. The trauma is the dedding. factor. 


REPORT OF CASES 


Case 1.— 0. G., aged 14, who had not had any previous attacks of appendicitis, 
while playing^ football two days before admission fell forward striking his 
abdomen on a rock. He felt severe abdominal pain immediately and vomited. 
The abdominal pain was severe at first, was somewhat lessened after an hour, but 
was constantly present to the time of operation. On the second day, his physician 
brought him to the hospital, where I performed .an emergency operation on 
May 21, 1924. The wall of the cecum was injected and thickened. The right 
iliac fossa was the site of a large abscess, and free in this abscess was a concretion. 
The appendix was long, coursing down and in over the pelvic brim, and its distal 
half was necrotic. The whole appendix was acutely inflamed. Near the tip there 
was a perforation 1 inch (2.5 cm.) long opposite the attachment of the mesenterj'. 
Appendectomy with drainage was performed. The patient recovered. 

Case 2. — ^R. S., aged 10, without any previous history of appendicitis, received 
a severe kick in the abdomen while playing football. He felt immediate abdominal 
pain, was nauseated and vomited. He *‘fdt faint” in the upright position, and was 
chilly. He was kept in bed at home for six days without being seen by a physi- 
cian and suflfered constantly from severe abdominal pain, nausea, vomiting, chills, 
distention and constipation. On the sixth day, he was sent by a physician to the 
hospital, where I performed an operation immediately on Sept. 24, 1925. A 
marked generalized fibrinopurulent peritonitis was present. The appendix was 3 
inches (7.6 cm.) long and necrotic throughout. Near the tip there was a perfora- 
tion 1 inch (2.5 cm.) long, with markedly thickened, everted edges. A large 
concretion was found in the pus near tiie perforation, which was on the external 
lateral aspect of the appendix. Appendectomy with drainage was performed, and 
the patient recovered. There was fecal drainage in decreasing amounts for 


five days. 

Case 3.— T. F., aged 19, who had not had any previous attacks of appendicitis, 
forty hours before operation was performed, had been thrown on his back wliilc 
wrestling, and his oppenent had jumped on his abdomen. The Paticnt »ifi 
that he “felt something crack” in his abdomen, and felt immediate coh^ abdomi- 
nal pain. For an hour or so, he was nauseated. The colid^ pam, 
severe, kept up constantly until rivelve hours after injury when ^^ted 
became much worse, and were localized in the nght lower lujdranL He i^t 
frequently, complained of being chilly after twenty-four 
delirious at times. Forty hours after the mjury occurred, he was g 
hospital, where I performed an emergency appendectomy on ^ ' 
appendix was 4 inches (10.16 cm.) long in “‘I ^/,vas necrotic. 

The entire appendix was markedly inflamed, and the antimescntciy 

There was a perforation 1 inch (2S cm.) long ‘m-iScT of .my 

side. A general peritonitis was present without the slightest 
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the introduction of air into the rectum. It is logical that a blow on the 
abdomen, or a muscular strain, would probably force cecal contents into 
the appendix. If the appendix was normal and its lumen unobstructed, 
it might conceivably rupture, for, as Warbasse ® said, if blows can rup- 
ture a normal intestine why can they not rupture the appendix? 
Especially does this seem possible when one considers the small lumen 
of the appendix, its blunt end and its rudimentary character, and 
remembers that an increase in the diameter is tripled in its circumfer- 
ential measurement. If the appendix was normal and did not rupture, it 
would emply itself and harm would not result. 

If, however, due to fecal concretions, adhesions, stricture of its 
lumen or other disease, the appendix would be unable to empty itself, 
fecal stasis ® would result This condition is recognized as favorable to 
infection. Ludington ® favored fecal stasis as the main cause of appen- 
dicitis following trauma to the abdominal wall. 

Van Buren,^® experimenting on dogs, found that increased intra- 
intestinal pressure caused pressure hemorrhage at the antimesenteric 
surface of the intestine. He observed the condition clinically only in 
cases of mechanical ileus, and reported perforation on the antimesenteric 
surface of the intestine, usually quite close to the point of obstruction. 
The necrotic area corresponds roughly to the terminal anastomotic tree 
of the intestinal vessels, and is evidently the result of hemorrhagic infarct 
of the area supplied. This necrosis is usually evident first in the sub- 
mucosa and inner muscular coat, but it rapidly extends to the other 
coats of the intestinal walli and perforation may occur within t^venty- 
four hours after the discoloration due to the hemorrhagic infarct is first 
noticed. 

Following the application of force to the external abdominal wall, it 
is easy to visualize a rush of cecal contents into the lumen of the 
appendix. This force might theoretically rupture the appendix, but 
this undoubtedly seldom happens. It is also easy to visualize this force 
as causing mucosal or mucosomuscular tears, with fecal stasis, and rapid 
invasion of the appendix wall by pathogenic organisms. Concretions, 
strictures of the lumen and adhesions would increase tlie chances of this 
occurring. From the pathologic condition of the appendixes reported 
here it seems probable that the rush of cecal contents jammed a con- 
cretion far down in the appendix, and that from this obstruction necrosis 
and perforation took place on the antimesenteric side. The concretion 
may be considered the obstructive lesion, and the pathologic changes 
may be explained according to Van Buren’s observation on mechanical 
ileus. 

9. Warbasse, quoted by Behan: Ann. Sur£^ 85:263 (Feb.) 1927. 

10. Van Buren. F. J.: Tr. South. Surgr. Soc. 36:445, 1923. 
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Prior to the World War, the fatality rate (mortality) of empyema in 
infants under 2 years of age who were treated surgically was far too 
high. In infants under 2 years of age, fatality rates up to 66 per cent 
have been reported.^ Tlie younger the patient, the higher is the ratej 
Holt and Howland reported that it was 71 per cent in children under 1 
year of age and 59 per cent in those in their second year.® Farr and 
Levine found the fatality to be four times greater during the first year 
than in the fourth and that it steadily declined up to 6 years of age, 
after whicli the deaths occurred relatively seldom.* Wilenslcy reported 
a fatality of 48 per cent for the first year and 31 per cent during tlie 
second.^ Practically the same figures have been published by Poynton 
and Reynolds,® Ladd and Cutler ® and Bohrer,^ all of whom reported 
in infants under 2 years of age a fatality rate of 35.4 per cent followed 
by a marked decrease in the frequency of deaths after the age of 2 
years. However, the pediatric and surgical staflFs were not proud of 
their results and took counsel among themselves for measures to improve 
them. The striking benefits which followed late operation, preceded by 
therapeutic aspirations and simpler methods of treatment of persons 


♦From the Departments of Surgery and Pediatrics of the Johns Hopkins 
University School of Medicine and Hospital and tlic Harriet Lane Home. 
♦Read at the Fifty-Eighth Annual Meeting of the Medical Society of Vir- 


ginia, Petersburg, Va., Oct. 19, 1927. 

1. Thursfield, H.: The Treatment of Empyema in Infants and Young Chil- 
dren, St Bartholomew’s Hasp. J., Nov., 1922, pp. 1-10. Holt, L. E., and How- 
land, J.: The Diseases of Infancy and Childhood, ed. 9, New York, D. Appleton 
& Company, 1926, pp. 442-449. Poynton, F. J., ad Reynolds, F. N. : A Method 
for Diminishing Mortality in Empyema in Infancy and Childhood, Lancet a. 
1100, 1921. 
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walling off process. He did not show any improvement after his operation, and 
died on the third day. Two concretions were found in the region of the appendix, 
free in the purulent material that filled the abdominal cavity. 

Case 4. — ^D. S., aged 18, who had not had any previous attacks of appendicitis, 
fell hard while skating, striking his buttocks. He felt pain immediately around 
the umbilicus and in the right lower quadrant. He felt faint and chilly, was 
nauseated and vomited once. Shortly after the accident, his abdominal pain 
lessened somewhat, but it was present constantly to the time of operation. After 
twelve hours, his abdominal symptoms became more marked, and they steadily 
increased in severity until 1 saw him twenty-six hours after his fail; I per- 
formed an appendectomy immediately. A general peritonitis was present, a large 
abscess cavity was observed in the right lower quadrant, and a concretion was 
found in this cavity. The appendix was 2^ inches (6.27 cm.) long; its wall was 
thickened and necrotic. Near the tip was a perforation 1 inch (2.5 cm.) long, 
with everted edges. This perforation was on the side opposite the mesentery. 
The patient recovered after the appendectomy with drainage. 

CONCLUSIONS 

1. At the time of injury all these patients were in good health. 

2. A history of previous attacks of acute appendicitis could not he 
obtained in any case. 

3. There was, in eadi case, a definite history of severe trauma, with 
immediate abdominal pain, nausea and vomiting. The symptoms were 
continuous up to the time of operation. 

4. In each case, a perforation opposite the mesentery was found in 
the appendix. In eaA case, a concretion was recovered which pre- 
sumably had perforated through the appendix. I believe that the trauma 
caused the concretion to impinge tightly in the lumen of the appendix 
resulting in an obstruction in that organ, with hemorrhagic infarction, 
necrosis and perforation on the antimesenteric border, bearing out the 
observation made by Van Buren on mechanical ileus. 
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We srarchrf» M of the tecorde of case histories of the Johas 

1889 and of the Harriet lane 
Home (flie CUMrm s Department of the Johns Hopkins Hospital) from 
Its begmrang m 1914, and were able to find rqxtrts of only eighty cases 
of rap^.m infa^ under 2 years of age. The first patient ms 
admitted to the hospital, Dec. 8, 1914, and the first operation was dohe, 
^ ay 25,^ 1915. It is, of course, possible that there may have been other 
infants in whom empy^a was diagnosed and not recorded, but it is 
more likely that the diagnosis of empyema in young infants in this 
• hospital was relatively uncommon prior to 1914 and that operations for 
this condition in small infants were rarely performed before 1915. 

Of these eighty patients, thirty-two were not operated on. In 
twenty of these, the diagnosis was not made until autopsy. The 


All of ike Infants Two Years of Age and Under with EmPyema Admitlcd to 
the J ohns Hopkins Hospital from 1889 to June, 1927, Whose Records 

CotUd be Found 

Forty-eight patients who were operated on for empyema (rib resection— open 
thoracotomy — or the insertion of -a trocar and cannula — closed thoracotomy), 19 
of whom, or 89.6 per cent died. 

Nine patients who had one or more thoracenteses performed (needle and 
syringe) and no furdier operation; 1 of diese 9 patients recovered; 6 of them 
died within forty-eight hours of the diagnosis of empyema before an operation 
could be performed. 

Three patients who were taken elsewhere for treatment after the diagnosis 
‘Iiad been established by thoracentesis; their subsequent history is unknown. 

Twenty patients in whom the diagnosis of empyema was not made until 
autopsy. 

Total, 80 patients. 


clinical diagnosis in each instance was pneumonia. Whether recovery 
would have been possible if the presence of empyema had been ascer- 
tained and proper treatment instituted is impossible to state. It is 
also unreasonable to allege that every case of empyema in infants in 
which the diagnosis is not made is fatal, for naturally we do not knmv 
in how many undiagnosed cases the patients recovered. However, t e 
fact that among a total of eighty proved cases of empyema in infants 
under 2 years of age in this hospital, in 20 or 25 per cent of the trtal 
the diagnosis was not made until autopsy should be a warning to pedia 

tricians to be on their guard. . 

There are several reasons for this failure to dispose empyema in 

infants : First, the area of the chest is small, and it is often 
distinguish by percussion a small area of flatness from t e surrou 

Secondly, moriphyriciamhrtitale to repeated 

10. We erish to express our thaoks to Miss R 
Laura Hodges for their assistance in locating these histones. 
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with empyema during the war, especially at Camp Lee, Va.,« led to the 
increased utilization of the closed thoracotomy or die operation® in 
which the trocar and cannula were used, in this hospital, and to the 
gradual reduction in the number of open thoracotomy or rib resections, 
the surgical method which has been employed almost exclusively up to 
1919. Both of these operative procedures have now been used for the 
last nine years, and an analysis of the results has been made in order to 
determine whether the fatsdily rate had been decreased, and if not, to 
learn what might lead to'ward a reduction. 

8. Dunham, E. K., and others : Report of Empyema Commission, U. S. A. : 
Cases of Empyemata in Camp Lee, Va., J. A, M. A. 71:366 (Aug. 3) 1918: 
71:443 (Aug. 10) 1918. 

9. The two types of operation used in this series of cases have been the closed 
trocar and cannula method and the open thoracotomy or rib resection. The latter 
is familiar to every surgeon and need not be described here. The method in 
which the trocar and cannula are used is performed as follows: The skin and 
subcutaneous tissue over the area of most marked flatness, usually the seventh 
and eighth interspace between the middle and posterior axillary lines, is iniil- 
trated with 0.5 per cent novocaine. A small incision (about 0.5 cm.) is then made 
in the skin and the rather blunt trocar and cannula (R in illustration) inserted, as 
shown in the accompanying illustratioru After the trocar Iras passed the skin 
and subcutaneous tissue, the point is shifted as far laterally as possible and then 
forced through the intercostal muscles into the pleural cavity. This diagonal 
insertion of the trocar insures a more tightly fitting connection about the tube and 
thus prevents the subsequent leakage of air into the pleural cavity and also the 
escape of the exudate onto the wall of the chest and the formation of cellulitis. 
The trocar should be guarded against too deep penetration by placing the fingers 
on the trocar at a distance from the point approximately equal to the thickness of 
the wall of the chest. A rubber catheter (no. 20 or larger) clamped at the end is 
inserted into the- side arm of the cannula (R) and then, as the trocar is removed, 
into the main tube of the cannula. The cannula is then slipped out over the 
catheter, leaving the latter inserted in the pleural cavity. One arm of- a Y-shaped 
glass tube is then connected to the catheter, another arm to a 1 liter gravity flask 
containing warm sterile salt solution suspended 6 feet from the floor, and the third 
arm to a 2 liter drainage bottle placed on the floor beside the bed. The rubber tubing 
of the two latter connections is compressed by clamps, as shonm in the illustration, 
but while these connections are being made salt solution is allowed to run into 
the Y-shaped glass tube from the gravity flask in order to e.xpel any air in the 
system. The clamps on the catheter and on the connection to the gravity flask 
are then removed and from 25 to 50 cc. of salt solution is permitted to flow into 
the empyema cavity. The upper clamp is then replaced, the clamp on the connec- 
tion to the collection bottle removed and the emp)’cma cavity is thus drained. The 
end of the rubber tubing going to the collection bottle should ahvays be under 
water to prevent the ingress of air into the system. This flushing and draining 
of the pleural cavity can be repeated at various intervals. During the remainder 
of the time the upper clamp should be in place and the lower clamp removed sn 
that the cavity may drain continuously. Surgical solution of chlorinated sod;i 
(Dakin’s solution) can advantageously be substituted for the salt solution at thi- 
end of forty-eight hours. 
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toS f V >®g* of the poaiperali™ stay in ths 

topM nutation, digestive condition and general physical conation of 

white Wood count and hemogloWn 
contot on adnussitm, eicannnation of die urine, preceding infection, 
physical signs, location, of the empyema, etiology, tubetculin reaction, 
preoperafave and postoperative x-ray, operator, date, type and lengtli 
of operation, type of pus in the empyema cavity, type of anesthetic used, 
pulse, respiration and temperature during and after tlie operation, local 
and general postoperative treatment, postoperative feeding, postoperative 
weight curve, time required for sterilization and expansion of the lungs, 
preoperative and postoperative complications and the cause of death 
in fatal cases. 


* DATA OF CASE HISTORIES 

We arranged tliis mass of data in tables, first finding the median 
(average), minimum and maximum value for each factor and then 
determining the effect which diis factor had on the case distribution “ 
and the fatality rate ” (mortaKty). We found (table 1) that the cases 
were fairly and uniformly distributed in the various component groups 
and that most of the factors had more or less influence on the fatalily 
■ rate, as, for example, the fatality rate in infants in the first year of 
life was slightly higher than that in those in their second year. The 
most striking effect was exerted by the following factors: the physical 
condition of the patient, location of the empyema, etiology, complica- 
tions and the type of operation. 

Physical Condition of the Patient . — One half of the patients were 
in poor physical condition. As would be expected, the case fatality rate 
was highest among infants in poor physical condition. 

Location of the Empyema. — ^The cases were quite evenly distributed 
between those of empyema on die left side and those of empyema on 
the right. The fatality rate was highest in infants who had left sided 
and double emp}'ema. That double empyema should be more fatal is 
to be expected but why should empyema on the left side have a fatality 
rate nearly twice as high as that of involvement of the right side? C^n 
the displacement and compression of the heart with the associated cir- 


11. We are indebted to Dr. Raymond Pearl for instructing us in the statis- 
tical mediods necessary for the analysis of these data. For the sake of brcvi y, 
only six of the tables are included in this paper. 

12. Case distribution refers to the pcrccnt^e of tlie total number o - 
gically treated patients suffering from empyema that occurs in 

in table 2, twenty-six of the total number (forty-one) of patirats ha p 
coccus empyema or a case distribution of 26:41, or 63.5 per cent. . ^ 

13. The case fatalily rate is calculated with pSLmo- 

in each group, i. e., in table 2, of the ti^nty-six f 

coccus empj'ema, eight died, or a case fatality rate o . , 
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diagnostic thoracenteses. The insertion of a needle into the thoracic 
cavity is not entirely devoid of danger to the patient, and occasionally 
a serious and sometimes fatal pyopneumothorax may follow a needle 
puncture of the lung; in rare instances, sudden death from the so-called 
pleural reflex may occur. However, the case fatality rate of infants with 
empyema in whom the condition is undiagnosed and untreated is so much 
higher than it is among patients in whom needless punctures have been 
made for suspected empyema that Osier’s admonition to a young intern 
should be profitably followed : “In any case of presumptive empyema, 
an exploring needle should be insertol in seventy times seven places 
before the possibility of empyema can be eliminated.” The third diffi- 
culty in the diagnosis of empyjema is that roentgenograms of the involved 
lung frequently are not of much assistance in helping one to distinguish 
between pneumonia and empyema, particularly if there is only a thin 
layer of fluid. Plouroscopy should be more commonly used in tlie 
diagnosis of pulmonary disease in children, particularly if the presence 
of fluid is suspected. If one changes the infant’s position on the fluoro- 
scopic table, the level of the fluid or pus can be much more easily 
detected than is possible in a routine roentgenogram. Furthermore, the 
use of an exploring needle in the fluoroscopic room usually decreases 
one’s failures in the diagnosis of empyema. 

The remaining twelve of the thirty-two cases of empyema in infants 
under 2 years of age in which an operation was not performed were 
made up of three in which the result is unknown, for the infants were 
taken elsewhere for treatment after the diagnosis had been made by 
thoracentesis in our outpatient department, and of nine in which the 
treatment consisted of single or repeated aspiration of the pus in the 
chest with a S 3 rringe and needle. Eight of these nine infants died. These 
nine instances of aspiration with eight deaths, of course do not indicate 
that this procedure is worthless as a therapeutic measure, for six of tlic 
patients died before an operation could be performed. Thoracentesis in 
these cases should be classified as a diagnostic or a preoperative pro- 
cedure rather than a therapeutic measure. Others who have relied solely 
on this form of treatment have reported good results. However, Holt 
and Howland reported that of 139 patients treated by aspiration alone 
13 died; 101 were later operated on, and 25 were cured, 8 of them by 
a single aspiration.^ 

Our main interest lay in the forty-eight cases in which cither the 
open thoracotomy (rib resection) or the closed thoracotomy (in which 
the trocar and cannula were used) liad been performed, \Ve obtained 
the following data from every history in which they were recorded: 
name, hospital number, address, age, sex, color, weight, date of admis- 
sion, result, date of last observation, length of postoperative observation, 
duration before admission, length of the inter\’al between the onset of 
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in which rib res^on was done. Instead of decreasing the fatality rate 
in empyema m infants under 2 years of age the use of the trocar and 
■rannula with siphon drainage had actually increased the number of 
deaths. This observation illustrates the advisability of analyzing hospital 


Table 2.— The Distribution of Cases and Deaths in Relation to the Etiology 
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•culatory. embarrassment which is usually greater in empyema on the 
left than that on the right be the explanation. 

Etiology (table 2.) — Similar to the series described by Holt and 
Howland,* nearly two thirds of the infections were due to pneumococci. 
Fortunately, the fatality rate in pneumococcal infections was only one 
half of that in infections due to other organisms. Although there were 
■only four patients who had streptococcus empyema, so that definite 
conclusions cannot be made, this organism is apparently the most 
dangerous of all. 

Table I. — Summary: The Distribution of Cases and Dcatlu in Relation 

to Various Factors 


Factor 


Case Dlatrlbution 


Case Fatality 


Age, 

Sez and color. 

Welglit. 

Interval betiraen onset ot 
pneumonia and opera- 
tion 

Xength ot stay In liospl- 
tal of patloita vbo sur- 
vived 

.Xengtli ot survival In 
fatal eases 

Patient’s condition 

White blood count. 


Hemoglobin,.... 

Location ot empyema.. . , 


Etiology 

Type of operation. 


Type ot pus 

Type ot anesthetic. 
■Complications. .... 


WgbUy higher In Infants in 
second year ot life 
Highest In vhlte males 
Highest In Infants under normal 
irelght 

No apparent relaUon 


Slightly higher In Infants In 
first year of IIlc 
Loirest In irliite males 
Highest In those least under 
normal trclght 
Xo apparent relation 


8G days me the median (average) 
stay In the hospital 


Highest In Infants In poor eon- 
cutlon 

Ho apparent relation 


Highest In Intanm with a lov 
hemoglobin content 
No aimarent relation 


Highest In Infants vho had pneu- 
mococcus Infections 
No apparent relation 


Higher In Infants trho bad thick 
pus 

No apparent relation 
Higher In Infants iritbont com- 
^catlons 


One ball of the deaths oeeur- 
Kd nlthln the first four 
days after operation 

Highest In Infants In poor 
condition 

Loirest In Infants vltb white 
blood counts between SOiOOO 
and 80,000 

No apparent relation 

Higher In Infants who had 
left sided find double em- 
pyema 

Loiie.<!t In Infants who had 
pneumoeoceus Infections 

Higher fn Infants on whom 
the trocar and ciinniila op- 
eration or closed thoracot- 
omy wos performed 

No npporent relation 

No apparent relation 

Higher in Infants who bod 
complications 


Complications (table 3.) — ^The fatality rate w'as four times higher 
among the infants who developed complications than in the group tvlio 
did not. Although the development of complications maj’ have been 
merely an index of the lack of resistance in these infants tvho were ill, 
it is probable, as will be brought out later, that they are the most 
important factor in the fatality rate, and that every precaution should 
be taken to avoid them. 

Type of Operation (table 4).— It w-as surprising to us, for we had 
expected quite the opposite, to find that the fatality rate among infants 
in whom a closed thoracotomy (in which the trocar and cannula were 
used) had been performed was nearly twice as high as tliat in the group 
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The resulting entrance of air into the empyema cavity did not have any 
lU effects of itself, because the stage of the pneumonia is not acute, and 
as mmitioned previously, the pleural effusion develops relatively late in 
the disease. As the affected lung has become stabilized by adhesions, 
the mediastinum is more immobile. There is therefore little danger that 
a pneumothorax, associated with the open tlioracotomy, will interfere 
witli the expansion of the opposite and nonaffected lung. On the other 
liand, the maximal amount of drainage is afforded which allows mmptft e 
removal not only of the pus but of the fibrinous masses. The relatively 
low fatality rate in this type of case, not only in adults and older children 
but also, as our statistics (table 5) demonstrate, in infants on whom 
an open thoracotomy has been performed, is sufficient proof of the 
efficacy of this procedure. However, the late Dr. John Howland after 
having performed many autopsies on infants who succumbed to acute 
empyema at the Babies’ Hospital in New York Cily, pain<» to tlie con- 
clusion that inability to expand the compressed lung seemed to be an 
important factor, as a certain amount of pneumothorax was always 
found at autopsy. Dr. Howland . was at a loss to explain why the 
fatality in infancy was so mucli higher than in older children or adults, 
unless it was because of this pneumothorax, and he noted “that many 
of these children on admission are in fairly good condition and make- 
excellent progress for a week or more after the operation. . . . 
Then the temperature rises, the patients lose ground rapidly and die of 
exhaustion during the third or fourth week.” The report of the 
Empyema Commission of the U. S. Army in 1918 ® demonstrated that 
the acute empyemas which occurred as complications of pneumonia 
caused by Streptococcus lusuwlyticus, when treatment was done in the 
conventional manner, i.e., immediate open thoracotomy with open drain- 
age, were attended with an average fatality of 30.2 per cent and in some 
districts, of 70 per cent; the highest was 84 per cent in a series of 
eighty-five patients. As a result of tlie avoidance of open drainage of 
the thorax and thus a concomitant pneumothorax, of operation per- 
formed at a later stage of the streptococcic pneumonia, to which the 
-empyema was secondary, of closed tlioracotony and then a gradua 
decompression of the affected pleural cavity, the fatalily rate dropped to 
less than 5 per cent.® 

The reason for this lower fataKty rate is that streptococac pneu- 
monia is of a different type than lobar pneumonia. In streptococac 
pneumonia, according to MacCallum,^ there is more wdespread invou - 

14. (Footnote 2.) Personal connnunication to the authors. 

1 C W G ■ The Pathology of the Pneumonia in the 

i.a% fte Winter S Eocltefdter Monoptei* 

■no. 10, New York, 1919. 
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rate in the group in which rib resection was performed is that in the 
latter operation adequate drainage is immediately established and main- 
tained, while when the trocar and cannula are used occlusion of the tube 
is too easily possible. 

COMMENT 

Versatility in the application of therapeutic measures to surgical con- 
ditions is apt to be attended with success more frequently than is the 
pursuance of a routine method. This is true, it would seem, of acute 
empyema. The type of treatment to be employed should depend not only 
on the age of the patient and the infecting organism but also on the t}’pe 
of disease to whicli the empyema is a sequel and the stage of the primary 
disease in which the empyema is recognized as a complication. These 
are only the more important factors which should aid in the effort to 

Table Sj— Percentage of Survival in Relation to the Type of Operation Per- 
formed and the Etiology, the Location of the Empyema, the Patient’s 
Physical Condition, His Age, the Presence or Absence of Complications 





Percentage 

Percentage 



Percentage 

of Those 

of Those 


• 

irlth 

irltfa Trocar 

with Rib 

• 


Trocar 

and Cannula 

Resection 


Percentage 

and 

Operation 

Operation 


Who 

Cannula 

Who 

Who 


SorrlTCd 

Operation 

SuiTh'cd 

Surrlrcd 

l^emnacoecas infections 

C9 

4S 

60 

02 

Infections iritb otber orzanlsms 

40 

63 

ST 

43 

Blglit-slded empyema 

7S 

53 

U 

60 

Left-aided empyema 

» 

42 

40 

«4 

Good or lair condition 

C8 

48 

73 

CT 

Poor 

62 

48 

27 

T3 

Under 1 year of age 

66 

S 

43 

To 

Over 1 year of age 


42 

00 

n 

Wltb eompllcatlona 

20 

TO 

18 

0 

Wltbont complications 

S6 

34 

63 

61 


determine the method of treating a person with acute empyema. How- 
ever, in spite of this knowledge, it is not infrequent for a report of some 
new method of treatment to appear which pretends to embrace the entire 
field of acute empyemas, without regard for more than perhaps one 
important factor. New methods are, of course, always to be welcomed, 
but it seems to us that they should be carefully assigned to the tyiic of 
casfe which will receive the maximum benefit from their application. 

Before the World War, die type of acute empyema most often noted 
was tiiat follotving lobar pneumonia and was caused by the pneumo- 
coccus. The pleural effusion in those cases occurs relatively late in the 
disease process and the involved lung is more or less attached to the 
wall of the chest by fibrinous adhesions. Thus the thoradc pleura and 
at the same time the mediastinum are somewhat stabilized. Tlie pneu- 
mococcus pus is thick and contains many fibrinous massc.c of consider- 
able size. In this t>'pe of case the open thoracotomy, either a ixirtial rib 
resection or an intercostal indsion and drainage, proved most efncacion-i. 




686 


ARCHIVES OF SURGERY 

there are rdatively few, if any, adhesions between tlie lung and tlie 
thoracic wall to stabilize the mediastinum. In other words, the open 
thoracotomy is satisfactory in the treatment of adults with an 
empyema of pneumococcal origin, but in the patients with acute empy- 
^as associated with a streptococcic pneumonia the closed method of 
thoracotomy is far superior. The determination in adults of at least the 
etiology and the type of pneumonia should dictate the choice of thora- 
cotomy to be performed. 

The results of our study in these cases of acute empyemas in infants 
under 2 years of a^, however, would seem to demonstrate that better 
results can be obtained by the use of' one operation, the open thora- 
cotomy, in all cases. It is eindent from our o'wn statistics and from 
those previously quoted that the resistance and margin of safety in 
infants under 2 years of age suffering from acute empyema is slight. 
It would seem to us that the best treatment is immediate and adequate 
drainage. 'If the relationship of all of the factors which affect the 
fatality rate is considered in connection with the type of operation per- 
formed (table 5), it is apparent that open thoracotomy (rib resection) 
offers an infant a much better chance of recovery in every type of case, 
except possibly in those who are in good or fair condition and in those 
who develop comph'cations. However, in those patients who are in 
good or fair condition, the fatality rate is practically the same with each 
type of operation (table 5). With regard to patients with complications, 
it is true that all three of the patients who developed complications 
after the rib re-section died, while two of the eleven who developed com- 
plications after the use of the trocar and cannula survived. However, 
as nearly as we could judge, the great majority of the complications 
were recognized some time after the operation had been performed, so 
we are inclined to believe that they resulted from inadequate drainage. 
As may be seen in table 6, the development of complications is probably 
the most important factor in case fatality; there is little difference in 
the chances of survi'val if complications are absent. Therefore, since 
complications occur four times as frequently after the closed thora- 
cotomy (trocar and cannula) than after the rib resection, it seems 
obvious that the latter operation is preferable in all cases. 

The open thoracotomy (rib resection) is especially desirable if the 
empyema is due to the pneumococcus, for the large masses of nbnn 
not interfere with the drainage of the cavity as they do with the closed 
method. Ninety-two per cent of the infants who had pneumococcal infa- 
tion and on whom rib resection was performed survived 
50 per cent on whom closed thoracotomy was performed (table o;. 
empyema due to other organisms, the effect of the type „ 

unimportant. In other words, pneumococcic infection and rib «s«.J 
are two favorable factors in producing a low fatality rate. 
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Thus, It seems to us that this series of cases of acute empyema in infants 
under 2 years of age may be considered a parallel series in which hvo 

types of thoracotomy were employed, i. e., the open and the closed 
method. 

CONCXUSIONS 

An analysis has been made, in relation to several factors, of the 
distribution of cases and -deaths in a series of forty-eight cases of 
empyema in infants under 2 years of age, in whom the condition was 
treated surgically. Five of tliese factors have a striking effect on the 
.fatality rate, i. e., the fatality rate was highest among infants in poor 
physical condition, those who had left sided or double empyema, those 
who had nonpneumococcal infections, those who developed complica- 
tions and those in whom operation was performed by means of the (dosed 
thoracotomy or the trocar smd cannula method. It is, of course, obvious 
that the patient’s physical condition and the presence of complications 
should play roles in the fatality rate, but, as far as we know, it has not 
been demonstrated in young infants that tlie location of the empyema, 
the etiology and the type of operation were as important as our tables 
would seem to indicate. A knowledge of the effect of four of the five 
factors is merely an aid to prognosis, but it seems to us that the higher 
fatality rate among infants in whom the closed thoracotomy (trocar and 
cannula) was performed is of therapeutic significance and should, if 
other studies confirm our figures, lead to the abandonment of that opera- 
tion in the treatment of infants under 2 years of age with empyema. 

It is our impression that in infants open thoracotomy (rib resection) 
is on the whole a more satisfactory proc:edure tiian closed thoracotomy 
(in which the trocar and cannula were used) mainly because an imme- 
diate, uninterrupted free drainage of the affected pleural cavity is accom- 
plished. We feel that the slight blocking which often occurred in the 
closed thoracotomy was in all probability mainly responsible for the 
marked increase in complications assocaated with this procedure. Owing 
to the fact that a lateral intercostal incision is so frequently associated 
with a pinching and occlusion of the rubber drainage tube, the partial nb 
resection is the method of open thoracotomy to be preferred. A partial 
pneumothorax resulting from the open thoracotomy is apparently Ie« 
dangerous than is the inadequate drainage associated with the closed 

thoracotomy. 
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the type of infection is beyond htanan control but, fortunately, 
pneumococd are responsible for about two thirds of the cases. In the 
forty cases in which the etiology and the type of operation were recorded, 
twenty-five were due to pneumoojcci and fifteen were due to other 
organisms. If the rib resection had been done in all instances, only two 
deaths would have been expected among those in whom the infection 
was of the pneumocoede type (8 per c?nt) and nine among the 
remainder (57 per cent), making a total fatality rate of 27 per cent, 
which would be a marked improvement over the present rate of 40 per 
■cent. 

The younger the patient and die poorer his condition, the more 
important it is to establish free drainage immediately, for, as shown in 
table 5, the percentage of survival among infants under 1 year of age 

Table 6.— Percentage of Survivat in Relation to the Presence or Absence 
of CmnplicaHons and the Type of Operation Performed, the Etiology, the 
Location of the Empyema, the Patient’s Physical Condition 


• 

Trocar and cannula 
Bib naecUon 
Bnenmococomi Infections 
Inteetlona \rlth other orsanlams 
Blebt-dded empyema 
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Poor condition 


Fereentoce 

Percentoeo 

trfth 

Who 

OompU- 

SniTired 

catlons 

» 

SO 

n 

12 

69 

35 

40 

63 

13 

41 

SI 

87 

Its 

29 

52 

56 


Pereentaee Petcentace 


of Those 

of Those 

irttb 

vltbout 

COmpIf- 

Comptl* 

eatloas 

cations 

Who 

Wlio 

Surrlred 

Surrlred 

18 

E2 

0 

SI 

33 

58 

12 

72 

66 

85 

11 

SO 
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and among those in poor physical condition was respectively two and 
three times higher when the rib resection was performed than it was 
after the dosed dioracotomy. Yet it was for these younger iiaticnts 
and for those in poor ph 3 rsical condition that the operation in which 
the trocar and cannula were used was especially recommended ! 

It is our opinion, that there is little difference in the shock to the 
infant resulting from the closed or open thoracotomy. Equal amounts 
of local anesthetic have been used in both types of operation and approxi- 
mately the sfltw* amount of time has been consumed by the two proce- 
dures, so that there is little difference between the actual performance 
of them that would tend to recommend one in preference to the other. 
Another interesting fact brought out by this study is that the patients 
were operated on by different suigeons in this hospital from 1915 until 
192S, and the case fatality rate was about the same for all. Each opera- 
tor’s te eh oir for the closed and open thoracotomy, together with the 
preoperative and postoperative care, was almost identical, so that the 
operation and the postoperative care can be considered almost a const.itit 
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CMea o{ tumors o! the tendon sheaths and stated the results of a review 

of vanous groups of similar tumors reported in the Mteratnie. Histr 
inary follows ; 

the'^a^lS Th« “ranonest of .too are 

*“1°” frequent The commoiKot 

•among tnem^ are the giant-myelomata (granulomata) . 

T* mydoma seems to be caused by some injury or irritation. 

It IS an inflammatory granuloma, and should tlierefore, be excluded from the group 
■of neoplasms and included in that of inflammatory disease. 

4. The following dassification and terminology of the tumors of tendons and 
tendon sheaths should be adopted: A. Neoplasms: I. Neoplasms of tendons; 
(^) Benign neoplasms: fibroma, osteoma, chondroma; (2) Malignant neoplasms: 
sarcoma. II. Neoplasms of tendon sheaths; (1) Benig^n neoplasms: fibroma, 
lipoma, chondroma, angioma; (2) Malignant neoplasms: sarcoma; (3) Mixed 
neoplasms. B. Inflammatory and other tumors: tendovaginitis' tuberculosa: 
granuloma (the former, myeloma), ganglion, etc. 

5. The differential diagnosis between the tumors of tendon sheaths and inflam- 
matory diseases, especially tendovaginitis tuberculosa granulosa, is diflicult. 

Endothelial Myeloma (Ewing^s Tumor ). — Sycamore and Holmes*® 
reviewed the subject of endothelial myeloma, finding the incidence of this 
neoplasm probably as about 10 per cent of tumors of the bones. They 
concluded from their studies that the condition should be sharply differ- 
entiated from angio-endothelial and from osteogenic sarcoma and tliat it 
should be possible to recognize the tumor in spite of tlie fact that in 
their own experience the diagnosis Iim been more often missed than 
made. The tumor responds strikingly to roentgen-ray or radium therapy, 
but the prognosis is poor because of llie frequency of metastasis. 

Tumors of the Cervical Spine. — ^C^murati collected reports of 

eighteen cases of primary giant cell tumors of the cervical spine. To 
these he added one case report from the Anatomical Museum and 
Clinical Ardiives of the Rizzoli Institute. Judging from the diverse 
opinions of many authorities, he bdieved that it is impossible to estab- 
lish whether the nature of the process is neoplastic or an inflammatoiy 
reaction to agents of varied nature (trauma, toxins, etc.). Some authors 
believe that following hemorrhage in the confines of the osseous niedulla, 
the tissues destined to form the medulla itself proliferate and form a 
true ce ll ular zone in the hemorrhagic field. Thus there may be forme a 
fibrous tissue to surround it or invade it, transforming the coagu urn 
into a cicatrix. In other cases the tissue that is formed subsequent to 
n hemorrhage from trauma may continue to grow imtil a tissue r^i ts 
that is similar to that of tumors with giant cells. This granular 

36. Sycamore, Leslie K., and Holmes, George W.: Am. J. Roentgenol. 18.-J 
^^^. ^Camurati, M.: Chir. d. org. di movimento 6:581 (Nov.) 1927. 
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TUMORS 

Synoviatonm . — ^Under the name of synoviatoma, Smith reported a 
group of three unusual tumors which appeared to originate from 
s 3 'novial membrane or similar tissue. In the first patient the tumor 
arose in the'fasda in Hunter’s canal, and the patient died at the end 
of six months supposedly from pulmonary metastases. Microscopically, 
the tumor was composed of anastomosing clefts lined by low cuboidal 
epithelium and separated by cords of spindle shaped cells. The second 
patient was a Jewess, aged 24, wifli a tumor extending down the tltigh 
under Poupart’s ligament. She died at the end of three years of pul- 
monary metastases. The third patient was a man of 35, with a tumor 
on the inner side of the knee. Death resulted at the end of two and 
one-half years, again from pulmonary metastases. The tumors in these 
cases were similar to that in the first. According to the author, this 
type of tumor may arise from the s 3 movial membrane of the cavity of 
the joint itself, from the synovial membrane of overlying bursae, from 
fascial aponeurosis and from tendons and tendon sheaths. Two types of 
cells can be differentiated, the synovial lining t 3 'pe and the stroma tyiJC. 

Tumors of Tendon Sheaths.— ’From the surgical clinic of the John 
Casimir University of Dwow, Pobnd, Janik reported details of four 

*This Report of Progress is based on a review of 258 articles selected from 
419 titles dealing with orthopedic surgery appearing in medical literature between 
Sept. 24, 1927, and Feb. 25, 1928. Only those papers that seem to represent prog- 
ress have been selected for note and comment. 

34. Smith, L. W. : Am. J. Path. 3:355 (July) 1927. 

35. Janik, Alfred: Ann. Surg. 85:897 (June) 1927. 



692 


ARCHIVES OP SURGERY 


and some degree of deformity. Only two patients were found who were 
entirely free from symptoms and who showed a useful range of motion. 

Comparative Results of Operative, and Nonoperative Treatment of 
Pott s Disease in Children. — ^After a trial of nonoperative and operative 
methods in the treatment of Pott’s disease in children, Kidner and 
Muro " concluded that operation ought not to be performed except in 
selected cases and that the best treatment is absolute recumbency on a 
Bradford frame, under favorable environment until bony union of the 
diseased vertebrae is clearly demonstrable by roentgen-ray examination. 
The authors divided a series of fourteen cases into pairs and performed 
fusion operations in the alternate cases and treated the other p ^ fl^n t s 
without operation. From the observation of these patients, they con- 
cluded that cure depends on prolonged recumbent treatment, that core 
in the patients operated on requires as long a period of time as in the 
patients not operated on and that Ihe patients who are treated without 
operation preserve greater flexibility of the spine. 

Tuberculosis of the Knee in the Adult. — ^Henderson and Fortin** 
studied the end-results of 211 adult patients with tuberculosis of die 
knee joint who were treated by resection at the Mayo Clinic. The diag- 
nosis of tuberculosis was proved in all cases. The signs and symptoms 
of chief importance and dhe ratio in which they were present were as 
follows; pain, 99 per cent; stiffness, 100 per cent; limp, 99 per cent; 
swelling, 97 per cent, and local heat, 53. per cent. As for roentgen-ray 
examination, the authors stated that they do not believe that there is a 
typical picture for tuberculosis of the Imee. Evidence of involvement 
of tlie bone was found in all but 9.87 per cent. The “bone abscesses” 
were usually found in the inner condyle of the femur or in the inner 
tuberosity of the tibia. A method of resection developed by the authors 
was employed in all cases. This consists of an excision of the surfaces 
of the joints of the tibia and femur, together with an excision of the 
synovia and patella. A graft consisting of a layer of the cancellous 
bone is laid along the anterior surface of the joined bone ends, under 
“leaves” of bone lifted from the front of the tibia and femur. Two wire 
nails are driven up through the tibia into the femur to hold the ends in 
apposition. The leg is then fixed in a plaster casing extending to the 
groin. In 194 patients who were followed, operative mortality did not 
occur. Two patients died of tubercutous meningitis within one year, 
and 8.7 per cent died within four years. Amputation became necessao 
later in 2.5 per cent. Nonunion resulted in 11.3 per cent, but of ti 
patients four later obtained fusion by bone grafting operations. 


40. Kidner, F. C, and Muro, Felipe: J- Bone & Joint Surg. 9:649 

41. Henderson, M. S., and Fortin. Harry J.: J. Bone & Joint Surg. 
(Oct.) 1927. 
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containing giant cells is found sometimes in pseudarthroscs, in formation 
of callus and sometimes in Kohler’s disease. Such tissues can he his- 
tologically similar to a tumor wth giant cells, while biologically they 
must be considered as a chronic process of repair. 

Tumors of Cauda Equina and Spinal Cord. — ^Bennett rcjjorted 
four cases of tumors of the spinal cord and cauda equina, in each of 
which the symptoms suggested osseous, muscular and ligamentous dis- 
turbances rather than pathologic changes in the nervous system. The 
tumors were revealed either at operation or at autopsy. The most promi- 
nent symptoms in these cases and the ones which the author believes 
point strongly to this condition are: (1) variable pain in the spine and 
nerve roots ; (2) extreme spasm of the erector spinal muscles followed 
by lateral deformity of the spine, and (3) extreme bilateral spasm of the 
hamstring group. All these signs appeared long before any motor or 
sensory dianges occurred. 

[Ed. Note. — ^The significance of Bennett’s article is that the s}'mp- 
toms of tumor of the spinal cord or cauda equina may, at least in the 
early stage, be indistinguishable from those of ordinar}’ back strain. 
When the nervous system is examined, however, signs will usually be 
found pointing to the true nature of the lesion. Numerous instances arc 
on record of patients with such tumors being treated for back strain 
over considerable intervals of time before the correct diagnosis was 
made. The only method by which the ortliopedic surgeon may avoid 
such errors is to examine the nervous system in all patients with jxiin 
in the back.] 

TUBERCULOSIS 

Results of Treatment of Tuberculosis of the Hip. — Smith and 
Watters recently completed a study of 20S patients who were treated 
for tuberculosis of the hip at the Countr)' Branch of the Ivew York 
Orthopaedic Dispensary and Hospital, Only nonoperative methods of 
treatment were employed. In this group, the diagnosis was found to 
have been wrong in forty-six, or 22 per cent of the patients. The only 
way to eliminate such errors is by aspiration or e.\'ploratory operation 
to obtain material for pathologic investigation and inoculation into 
guinea-pigs. Of 150 patients who were followed for three year? or 
more, thirty-six, or 24 per cent, died, the majority of tuberculosis. In 
seventy-one patients, or 47 per cent, the tuberculous process in tlic !ui> 
%vas found to be still active. In forty-one patients, or 27 i^-r cent, tla* 
process was found to be quiescent, nith little if any motion m the h,i> 


38. Bennett, George E.: Tumors of Cauda Equin.-i and Sf-nial G rd. J. ... 

3d. A. 89:1480 (Oct. 29) 192?. , . 

39. Smith. Alan DeForcst. and Watters. W. H.: Tr.’ ercuh-.r o: 1!=,. ... ... 

M. A. 90:189 (Jan. 21) 1928. 
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Synovial Tiiherciilosis.--P^ho&y*^ described five patients witli 
tubercu ous lesions of the joints which seemingly involved only the 
synovial structures, and expressed the opinion that they establish the 
act that tuberculosis may exist soMy as a lesion of the synovia His 
observations are summarized as follows: Five patients- suffering from 
a chronic disorder of the joints of from two to seven years’ duration 
presented physical manifestations inconsistent with those commonly 
looked for in established tuberculosis of the joints, and roentgen-iay 
e^mination was negative for destruction or absorption of bone. Opera- 
tion 'was performed in all of the cases, and the pathologic condition found 
^vas that of long standing tuberculosis distributed throughout the 
synovial membrane and unaccompanied by any lesion of the bone. Four 
of the patients were adults between the ages of 23 and 31, in excellent 
general health and free from constitutional stigmas of tuberculosis. In 
none did a preoperative diagnosis of tuberculosis of the joints seem to 
have clinical support. 

[Ed. Note. — ^It seems to us that the evidence adduced by the author 
is insufficient to justify his conclusions;] 

PYOGENIC INFECTIONS 

Pathogenesis and Treatment of Acute Epiphysitis. — Wilensky" 
expressed the belief that in acute epiphysitis the dominant characteristics 
of the pathologic picture are (1) a thrombo-arteritis or thrombo- 
phlebitis and (2) a necrosis of bone and cartilage cells consequent to the 
disturbance of circulation produced by the plugging of the vessels. 
Clinically, he divided the cases of acute epiphysitis into three groups: 
1. In the first variety, a focus is present in one of the epiphyses with 
well marked local signs and symptoms, but without any clinical s^ns 
of a general blood infection. 2. In the second -variety, a well marked 
focus is present in one of the epiphyses with abundant local signs and 
symptoms and, in addition, there are clinical indications of a bacteremia 
as evidraced by the general signs and symptoms and by the demonstra- 
tion of living bacteria in the blood stream. 3. In the third -variety the 
clinical picture is that of a profound general infection with a marked 
toxemia. A local focus is either not demonstrable at all berause of the 
paucity of local signs and symptoms or because the latter is concealed 
by the profound intoxication, or, if present, the local lesion is easiy 
recognized as not being of any consequence in the total cliniral pirt^ 
Blood cultures are of assistance in determining the severity of the I^o 
and in suggesting the appropriate treatment.- In the absmee of a de^^^ 
strable bacteremia, conservative treatment is desirable, other th »- 


45. Peabody, Charles E.: Ann. Surg. 86;92 (July) 1927. 

46. Wilensky, Abraham O.: Ann. Sing. 86:105 (July) 1927. 
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charging sinuses still remain in 2.06 per cent of the patients. In 23.7 
per cent tenderness was present, usually along the scar. Primary bony 
union was obtained in 88,3 per cent. The authors state that witli their 
present teclinic (graft) they expect to obtain firm union in from five to 
eight months. ■ 

Quantitative Tuberculin Reaction. — ^After a discussion of allergv, 
on which the tuberculin reaction is based, Atsatt " stated that by means 
of a special quantitative examination it is possible to determine appro.\i- 
mately the activity of tuberculous foci. Using the same lot of Saranac 
tuberculin throughout the series, he injected intradcrmally 1 cc. of old 
tuberculin in dilutions of 1:1,000, 1:2,500, 1:5,000, 1:7,500 and 
1 : 10,000. Because of the degree of tlie skin reaction or of the fluctua- 
tion of allergy in direct proportion to the activity of the disease, the 
author found that by establishing a critical threshold (in this series, a 
dilution of 1:7,500), active tuberculosis could be diagnosed with a 
fair degree of certainty. The test was employed in patients with tuber- 
culous and nontuberculous lesions of the bones and joints, on whom 
operation was later performed and the opportunity thus afforded of 
verifying the tests by examination of pathologic material. 

[Ed. Note. — ^We have had the opportunity of seeing Atsatt's quan- 
titative tuberculin reaction emplo.ved at first hand in a scries of more tlinn 
100 cases. We are convinced that it is a more reliable test of tuberculosis 
of the bones and joints than the ordinarj' tuberculin skin lest.] 

Effect of Rachitogcnic Diet on Experimental Tuberculosis. — Grant, 
Suyenaga and Stegeman^® succeeded in demonstrating cxpcrimemnlly 
that white rats can be made susceptible to inoculation of tubcrcul«)sis 
by decreasing the calcium and wtamin D content of the diet. The ani- 
mals developed tuberculosis of the lungs, which was proved by pathologic- 
examination and inoculation into guinea-pigs. Control rats which 
received an adequate diet before and after subcutaneous inoculation with 
tubercle bacilli remained immune even after relatively large doses. 

Rice Bodies in Tuberculosis. — Rogers ** reported the case o{ a 
patient with tuberculous tenosynoritis who showed the jircscnce of 
numerous rice bodies. Tlie diagnosis was proved by the c.xaminaiion 
of material removed at operation. The process of formation of tlie rice 
bodies could be followed in the tissues, and from a study of the j)atl'.o!»i;ji^' 
material the author stated that it was ni>pareni that tlie rive b'vi;.-, 
represent the centers of tubercles. 

42. Atsatt, Rodney F.: J. Bone & Joint Surp. 9:05/ (Oct.) 1P27. 

43. Grant, .4, H.; Suycn.nga, B., .and Stepeman. D. .*•: ; .tm. Rw. Te’-.r-.-. IC: 
628 (Nov.) 1927. 

44. Rogers, Mark H.: J. Bone & .Toi-nt Surp. 9;ro;'i ■ Or. ^ :: :7. 
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mumties should encoui^ public health nurses to teach precautions 
m the home. diagnosticians should be employed Ling 

demies, and cases should be promptly reported. 


BOOK REVIEW 

Polwmyelitis.--MacAushzid has written probably the best text- 
book on poliomyelitis that is available at present. It brings to date the 
knowledge on history, epidemiology, etiology, pathology and treatment 
of the disease in the acute stage. The chapter on the epidemiology is 
particularly valuable, because of the extensive collection of epidemics 
described. There is some inconsistency in respect to the length of lime 
during which improvement may be expected to take place. In one place 
six months is given as the maximum time, while elsewhere it is stated 
that operation should not be performed until after the lapse of two years 
because of the improvement that may take place. The surgical treatment 
is discussed at length, with good operative illustrations. The author is 
an ardent advocate of astragalectomy and reports 400 cases, with twelve 
failures, as against six cases of stabilization of the foot by subastragalar 
arthrodesis. Also, more space appears to be devoted to tenodesis and 
Whitman’s loop operations than the value of these procedures seems to 
justify. The author has attempted to standardize the surgical treatment, 
always a difficult thing in as variable a condition as poliomyelitis, and 
the reader is left in considerable doubt as to what procedure to follow in 
the various conditions. 

VASCULAR DISEASES 

Spontaneous Gangrene . — ^Discussing the pathology of the different 
types of gangrene of the extremities, Lewis divided these conditions 
into: (1) arteriosclerotic gangrene; (2) arteriosclerotic gangrene with 
glycosuria (diabetic gangrene), and (3) thrombo-ahgiitis. In all of these 
conditions, the development of a collateral circulation is of prime impor- 
tance. Lewis recommended ligation of the femoral artery, which he has 
performed in seven cases. One death, two cases in which amputations 
were performed later and four in which improvement occurred were 
noted in this series. 

Erroneous Diagnosis.— Musa, and Brown" pointed out that the 
diagnosis of vascular diseases is comparatively easy in 90 ^r cent ^ 
the cases, but that in the remaining 10 per cent there is a high inadena 
of error. They reported in detail the conditions found microscopiraMy 
in tissues obtained in eight cases which had been diagnosed as Raynau 
disease but which on pathologic investigation were shown to be ca 


49. MacAusland, W. R.: Poliomyelitis, Philadelphia, & Febiger, 1927. 

50. Lewis, Dean: Canad. M. A. J. 17:1125 (Oct.) 1^7. 

51. Allen, E. V., and Brown, G. E.: Am. J. M. Sc. 174:319 (S p .) 
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the onset of trophic changes, “rest pain" occurs in contradistinction to 
■claudication or exerdse pain.” The disease is usually bilateral. The 
arteriosclerotic type of disease is well understood, but the differential 
■diagnosis in men between the ages of 45 and 55 is sometimes difficult. 
In discussing the treatment, tlie authors mentioned various prophylactic 
and reassuring measures. In Raynaud’s disease of the lower extremities, 
lumbar sympathetic ganglionectomy is said to be curative. A useful 
table for differential diagnosis is included. 

Collateral Circulation .— and Sadis showed that in 
■obstructive vascular disease of tlie extremities, such as arteriosderosis 
and thrombo-angiitis obliterans, there is a definite increase in the number 
and size of the blood vessels of the sciatic nerve, both in the perineural 
tissue and within the fasdculi as well. These S 3 rmptoms are constant. 
This increased vascularization accounts for the survival of certain limbs 
. long after their main blood vessels have become totally ocduded. More- 
over, whatever the degree of the obstructive process in the main blood 
channels, the sdatic vessels do not appear to be similarly involved other 
thaii by by some thickening of thdr walls and a certain amount of cal- 
dfication. Thrombosis of the sdatic vessels has not been obsei^'ed in 
■the author’s experience. 

RanUsection . — ^Discussing the surgical treatment of Raynaud’s dis- 
ease and similar conditions, Royle®* pointed out that, with the adoption 
by Lerche of ramisection, practically tlie only line adopted is now by 
means of ramisection or ganglionectomy of tlie sympathetic nervous 
system. The surface temperature is thereby increased from 2 to 7 
degrees and the heat production from 200 to 900 per cent. Since the 
vasoconstrictor fibers reach the segmental nerves by the gray rami, it is 
•only necessary to cut these and not to remove the whole abdominal sym- 
pathetic trunk. Of dght patients on whom ramisection was perforaied 
by the author, four with thrombo-angiitis had only temporary relief 
from pain but showed more or less permanent improvement in the con- 
•dition of the limb. In tlie patients with Raynaud’s disease the results 
were mudi more satisfactory, and tliree out of four were ^mpletely 
relieved. The fourth patient had involvement of die upper limb, while 
in all the others the lower was involved. 


DISTURBANCES OF THE NERVOUS SYSTEM 
Pathology of Charcot Joints.— From a study of the pathologic 
changes in Charcot’s joint, Potts »® pointed out tliat "euro-arthropa 
■may affect any joint in the body. Two conditions must obtain . a ch. g 


53. Bcrnheim, B. M., and Sachs, L.: Ann. Surg. 

54. Royle, N. D..: M. J. Australia (supp. H), Nov. 5, 1927, p. 3 . 

55. Potts, W. J.: Ann. Surg. 86:596 (Oct.) 1927. 
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of obliterative vascular disease. They slated that a complete obliteration 
of the palpable vessels is not essential for a diagnosis. In approximately 
5 per cent of patients with thrombo-angiitis obliterans the pulsations iit 
the dorsalis pedis and posterior tibial arteries were normal. In these 
cases, the occluding vascular lesion involved the digital or interosseous 
arteries. 

Diagtiosis . — ^The accompanying table shows the classification of va.s- 
cular diseases suggested by Brown and Henderson.''^ 

The basic disturbance is similar in all forms of vasospastic disease. 
i.e., Raynaud’s disease, acrocyanosis, etc. The essential points in the 
diagnosis of functional disorders are: (1) open palpable arteries with 


ClassiHealion of Vascular Diseases (Bratvtt and Henderson J 


ft. i>Iin>'<' rotor ic.’iitlon: 

I Kaynuuil’s dIsrni'C 


f Local distribution 


Functional 
orvaso- 
motor types 


Vasoconstriettn^ type, 


S. One pbafc color rrnrtton-nrro. 

cyanosis; dead linyir: Ii-mt 
. syncope 


L Vasodilattne types FrytliroinelalFla 


Oreanic 

types 


Vnsoconstrlctine tyiies 


I General distribution 


Vasodilatinir types 


Frlinary or i‘*“rntl:il liypitif:;- 
slon, early 

Primary or rfsrntlal lirpri|>~. 
Sion 


f l. Artcriosderosis vrltli or nitliout tlironibo^l.: d.al- ;!r 
Kansrenc 

3. TJirombo-anelltls obllirrans 
•{ 3. Simple thrombosis or oinlmlism 

Local Distribution | ..... 

1 1. Arteritis of bnoTm liilrctloiis origin (rlii't!i!inllf *y|i!i.! :! i 

t,'i. Aneurysm with or without tbrombosb 


.Arteriosclerosis 


(.General distribution 


1. Primary 


3. Secondary to hyiH-rlemltin 


pulsation; (2) intermittent changes in color and temperaure ; di-- 
tribution usually in ail four cNtremitics. Erythroinelalgia i. W fir M itclu- II i 
is functional and nonprogressive and is relieved by coM anti flfv;.iiii:i nf 
position. These changes may to a less degree accoinjwny tin: tircatiir 
types of disease. Thrombo-angiitis oblitcnm.s a.<; a diswyc mtity i«. »ii- 
cussed. The authors pointed out that Kabinowitz i.«it.l.iifd an 
from patients and succeeded in producing vascular distrs-f in r.:b’ it-. 
Tobacco, race, age, sex (male) .and exj>o.Mirc to cold arc •. 

contributing factors. Fifty-one per cent of the ar.ilvT-’ ! 

claudic.ation .as .an initial symptom t claudication after e.verti :: i. V.’;;'; 

52. Brown, Georpe E., and Hendcr- •n. M. S.: J. !:.• ■ .t 9-" •• 

(Oct.) 1927. 
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operation, and there were fibrous bands which bound the nerves together. 
Fo lowing Ae operation, the vasomotor disturbances immediately disap- 
peared, and active motion soon returned in the paralyzed dorsiflexor 
muscles of the foot. 

[Ed. Nom— (^eraHzation cannot be made from the report of one 
case, but this article seemed to be of more than rasimf interest as 
affording a- contrast to the usual pessimistic reports of the results of 
laminectomy in patients with similar conditions.] 

End-Results of Romtsection in Spostic Pofolysis, — By an ingenious 
set of 'graphic records of the gaits of patients with spastic paralysis, 
Stewart was able to demonstrate improvement in all of twenty-seven 
patients subjected to the operation of S 3 mipathetic ramisection. Rigidity 
was reduced, coordination improved and equilibration made better. A 
direct effect in relieving muscular weakness was not noted. 


MISCEIXANEOUS 

Development of Bone in Diabetic Children. — Roentgenograms of 
the skeleton in sixty-eight diildrai under the age of IS years with dia- 
betes mellitus have been reviewed by Morrison and Bogan.®® It was 
found that the epiphyseal development and growth of the shaft was in 
advance of the chronologic age in children with diabetes of recent onset. 
The development of bone was below the chronologic age in children with 
diabetes of long standing. Narrowness of the shaft and thinness of the 
cortex characterized long standing diabetes. Atrophy of the bone was 
found to occur in a certain number of children who developed diabetes 
before the age of 9 years. 

Physiology of Bone in Relation to Diseases of the Bone. — ^Discussing 
the physiology of bone, Eising ®® said that the old idea tliat growth of 
bone tissue is a product of osteoblastic or osteoclastic activity must 
account not only for normal bone production but for the aberrations of 
the function presented in disease, including the reactions to bacterial or 
other invasions and tumors. He expressed the opinion that one should 
accept as a first premise the concq)tion that the vital substance of bone is 
the collagenous intercellular material. The problem then at once falls 
within the domain of the chemistry of colloids. PreossMUs tissue is 
devoid of blood vessels to such a degree that it forces the inference that 
the salts of lime, namely, calcium phosphate and calcium carbonate, must 
be an inherent part of the collagenous matrix. If one believes that the 
intercellular substance of bone contains in its substance the specific de- 
ments of bone, it becomes easy to conceive how by biologic activity 


58. Stewart, Steele F.: J- Bone & Joint Sorg. (Oct.) 1M7. 

59. Morrison. L. B., and Bogan. I. K: Am. J. M. Sc. 174:313 (Sept.) 192/. 
dO. Eising, E. H.: Am. J. Surg. 3:367 (Oct.) 1927. 
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in the sensory nerves and trauma to the joint. As long as the existence 
of trophic nerves is unpro\-ed, there is no reason to believe that this 
condition results from an5thing but the destruction that follow.< in a 
joint which lacks its protective muscular mechanism. When the byne.>; 
are deprived of the accurate weight distributing power of the muscles 
and of the stabilizing protection afforded by an intact reflex ncn‘ou> 
mechanism, minor stresses are bound to produce damage. So-called 
spontaneous fractures in tabetic patients commonly occur for the same 
reason. According to this hypothesis, neuropathic joitits arc simply 
\'ariable pictures of destruction and erosion and of nature's attempt to 
stop the damage by sclerosis and to repair the damage by building up 
new bone. The bizarre pictures are the result of the c*.vcc.«sire rapiflity 
of both processes. 

Brachial Plexus Paralysis . — ^According to Giliberti,"® brachial plexus 
paralysis forms the second largest group of birth palsies. It occur.'i more- 
frequently after births in which artificial aid is required. The cause i- 
pressure or traction on the brachial plexus. The nerve fdicrs and 
bundles may be torn at any point. Tlic Duchenne-Erb or upper anii 
type of paralysis is the most common and has the best prognosi><, 'J'hc 
Klumpke-Dejerine or lower arm t}’pe is often the rc.'^idual of a com- 
bination type. In this type, sensory symptoms are usually present. The 
prognosis is less favorable in brachial paralysis than itt ordinaiy injuric- 
of the periplieral nerves. There is a danger in long existent cases that 
habit palsy may replace organic lesions. Treatment consi.^^ts in imme- 
diate immobilization in abduction, with the forearm in full su]>itiatton. 
If regeneration is not evident after pltysioiherapy has been tried for otu* 
j-ear, then resort should be liad to neurosurgery. Contractures are l e-t 
overcome by methods of gradual correction. 

[Ed. Note. — If operation on the plexus is to .accomidi.-h the ino-t, jt 
must be performed as soon after injuiy as jrossible. Obstetric iMr.-dy-:- 
is likely to cause such severe crippling in adult life that every i u-ipha-i- 
sliould be placed on early diagnoMs and imntediate surgical iri-.Mmcm. 
We do not J^rcc with Giliberli that one should wait a year befure n -'irt- 
ing to operative treatment. ( )rtho|JCflic trcalmeui i- im;ort:int 
should not be neglected, but it cannot restore several iier\«". i*? 
cicatricial contraction about the jdc.Kus.j 


Sponlancous Recovery of Defonnily of the Foot fol:- ci-.c-; /.■■» :■ 

ncelomy for Spim Bifida Oc u/tu.— Kochc ” rej'^-rted il- : 

patient with increasing paralytic cqiiinus deformity ni :<• t. v.'.: 
was completely relieved by laniitu-ctomy fur 'j'ic.r. • * 

of bone which appeared to pre— un the e iu'.’.v. v..- : 


•!f». Gililwris. V.: ,1. Ni-rv. & Me- ' D'-' CGzHO i 
?7. Koclif. I : Mfinclu-!! n;ei5. \\ . ‘.r-.-’J! 74:I'-T7, ’ 
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End-Results and Follow-Vp in Orthopedic Surgery. —Rostrs^ 
devised a syst^ by means of which orthopedic patients at tiie Massachu- 
setts General Hospital, could be followed and the end-results studied • 
this system has functioned with a high degree of success during a period 
of three years. The clinics in which the end-results were studied one 
year, two years and three years after operation have been well attended; 
the proportion of patients reporting, including many who lived at a dis- 
tance, has been nearly 80 per cent. The author described the system in 
detail and presented illustrations of the various forms and tables show- 
ing the results obtained. The system promotes greater cooperation 
between the patient and the orthopedic suigeon in the after-treatment in 
operative cases, and hence insures better results. 


[Ed. Note. — ^There is a great need in orthopedic surgery for predse 
knowledge as to the results of the various operative procedures. Facts 
must replace impressions to as large an extent as possible. The end- 
result clinic is the mechanism by which such facts are to be obtained. 
Having observed the working of Rogers’ end-result system at first hand, 
we take the liberty of expressing the opinion that it is admirably devised 
to accomplish its purpose.] 

Painful Shoulder. — ^After a review of 450 roentgenograms, which 
had been made because of a complaint of pain in the shoulder, and ascer- 
taining that the symptoms were negative in 300, King and Holmes “ 
were led to make a clinical study from which they drew the following 
conclusions : The shoulder joint is dependent for its strength on the 
tone of the muscles which have their insertion in the capsule. Atrophy 
of these muscles is followed by relaxation and dironic strain. The thin- 
ness of the capsule, together with the proximity of bursae, tendons and 
bones, results in any infection whidi is primary in one structure soon 
spreading and involving others. Most persons are subject to constant 
irritation of their subcoracoid bursae as a result of posture. Limitation 
of external rotation is more characteristic of subcoracoid bursitis than of 
any other lesion of the shoulder. It is diflScult to rule out a diagnosis of 
arthritis merely from negative roentgen-ray examination. Extra- 
shoulder lesions are a common cause of painful, and at times stiff, shoul- 
ders. Relaxed capsule is a frequent cause of stiff and painful shoulders. 
Physical therapeutic measures to counteract atrophy should be instituted 
at an early period in all cases. Inflammation of many of the structures 
surrounding the shoulder joint occurs in almost all painful shoulders, and 
a diagnosis of periarthritis is legitimate when the primary etiologic agent 

is obscured. 


64. Rogers, William A.: J. Bone & Joint Surg. 10:104 (Jan.) 1928. 

65. King, Jennings M., Jr., and Holmes George W : OelTlS". 

of Four Hundred and Fifty Painful Shoulders, J. A. M. A. 89. 1956 ( c. 
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spoken of as “calcium coagulation” formation of bone might readily be 
established. Examples of such biologic colloid mutations arc found in 
the development of the teeth, of the exoskeletons of animals, and prob- 
ably in the formation of gallstones and other concretions. The ]>ropcrtv 
of reversibility which is peculiar to colloids would amply c.Nj>laiij the 
destructive processes of bone absorption and osteolysis. This conccinion 
would therefore give the place of first importance to the collagenous 
intercellular matrix and regard it as a tissue that retains its vitality and 
holds in a reversible colloidal state the inorganic salts of bone. .Any 
influence, whether chemical, bacterial, vascular, nervous or glanrlular, 
would exert its effect on this substance, which in turn wotild be rcflcctetl 
in a corresponding alteration in the calcified content. 

After referring to the work of R. Robison, who has shown that an 
ester plays an all important part in the conveyance by the blood of cal- 
cium with which it fonns soluble salts, Fairbank called attention to 
the field which this discovery opens. For normal developnjcni of bone 
three things appear to be necessary*: (1) a projicr cartilaginous or mem- 
branous scaffold for the bone; (2) the dc]x>sit of the necessary inorganic 
salts ; (3) a sufficient number of normal bone forming cells. The author 
suggests the following classification of general di.scascs of the bone; 
I. Congenital developmental errors ; osteogenesis imperfecta ; diaphyse.il 
aclasis ; dysdtondrophasia ; achondroplasia ; craneocleido dysostosis ; my«)- 
sitis ossificans idiopathica. II. Errors of metabolism; .scurvy; rickets; 
renal dwarfism; dwarfism associated with (1) celiac disease: jein- 

creatic disorder ; (3) hypertrophic cirrho.si.s of the liver. III. Endocrine 
errors ; gigantism ; acromegaly ; mollities ossium ; osteomalacia ; dwarn.''m 
and infantilism of various t}’pe.s. IV. Condition.s of unknown origin; 
fibrocystic disease; leontiasis; osteitis deformans; arachnoilactyly. 


Multiple neoplasms. 

Graphic Records of Normal and Pathologic Gaits . — .‘'chwartr iitid 
Vaeth,®® feeling that a more accurate knowledge of normal ami j>:ith<*kigic 


gaits is essential for the better treatment of jwrsons with «b'f<-rmmg 
limps, invented a mechanical device called a “basograph. with winch 
they can make records of limps for study .and comparison wiib ;!)'■ 
records of supposedly normal persons. '1 he information (ibtaim-d tin: 
far bv means of these records seems to indicate tise value of t::c 

Limps Caused by Diseases of the //»>.— Fairbanf: cko-id- 1 1::.'. 
limps as follows; (1) The .ihorl leg lim]>; (2; the p:..infn; lim;.; i.l» 
the stiff limp; (4) the weak leg limp; (5) the hysteric:.! .t {uv-r. .-•.I 
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'““I® Ae sapula aad 

colimrn. An excdlent result was obtained in the one patient 


Treatment of Coxa V ara.—Tbe treatment of persons with coxa rata 
^ discnss^ by Riedel, Rost and Koenig," each of whom expressed 
different points of view. Riedel described the operation which he 
employs. The hip is exposed through a lateral ^dsion, with reflection 
of tlie greater trochanter. Then a wedge of bone is removed from the 
junction of the neck and femoral shaft, care being taken to preserve as 
many of the vessels as possible and to leave the capsule intact. The frag- 
ments are approximated and fixed with Schanz’s screws. The trochanter 
is reattached at a more distal point than originally. Rost, on the otlier 
hand, stated that he has obtained excellent results by simple tenotomy 
of the adductor muscles. The results in patients examined from four 
to five years after the operation were almost ideal. Tlie gait was nearly 
normal, and the patients did not complain of subjective disturbances in 
walking or running. Koenig thought that such an elaborate procedure 
as described by Riedel was unnecessary ; that it was possible to dispense 
entirely with the use of internal fixative materials, and tliat Nature 
always took good care to straighten the fragments after subtrochanteric 
osteotomy of the femur. 

[Ed. Note. — Coxa vara may be due to so many conditions that we 
are unable to evaluate these statements without more precise knowledge 
of the type of coxa vara being discussed.] 

Habitual Dislocation of the Patella . — In spite of the numerous opera- 
tive methods for overcoming habitual dislocation of the patella that liave 
been described, Hoffmeister was unable to find any that gave active 
muscular power to the patella. Feeling the need of this in certain cases, 
he devised a method of transplanting the tendon of the gracilis muscle 
into the inner border of the patdla. The method has been tried at 
Lexer’s clinic in a number of patients with good results. The gradlHs 
is exposed through a longitudinal incision on the inner side of the knee, 
cut as far distally as possible, and freed for a distance of from 8 to 
10 cm. The free end of the tendon is then pulled beneath the 
muscle and fixed under considerable tension in a hole which is drilled 
in the medial border of the patella. Hoffmeister stated that it does not 
much matter whether the gracihs, the semitendinosus or the semimem- 
branous is selected for transplantation. 

Fusion of Paralytic Knees .— performed fusion operations 
on the knees of twenty-five patients with infantile paralysis, in w om 

69. Riedel, Rost and Koenig: Zentrdlbl. f. Chir, 55:948, 1928, 

70. Hoffmeister, W.: Zentralbl. f. Oar. 55:65, 1928. 

71. Miller, O. L.: South, M. J. SU):78Z (Oct.) 1927. 
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Treatment of Tennis Elboto . — Mills pointed out that many |va{ii;jits 
with tennis elbow have been relieved by osteopaths, hone .‘•eiter.-. etc. 
The author observed in this condition that full pronation witli comj>li :c 
wrist and finger flexion caused limitation of extension of the elhow, I'.y 
manipulating the elbow into complete extension with the hand and 
forearm in this position, while at the same lime pre.^sinj; over the 
external epicondyle, the author was able to relieve the .symiitoms in all 
patients so treated. In patients with symptoms of long standing, the 
author advocated the same manipulation, only with the ai<l of an anv>- 
thetic. He regarded the condition as due to the impingement of a torn 
part of the orbicular ligament between the radial head and the capitelhnn. 
thus simulating displaced semilunar cartilage of the Icnee joint. 

[Ed. Note. — do not agree with the author’s interpretntinn of the 
pathologic condition of tennis elbow, and we are inclined to believe him 
overenthusiastic as to the results of manipulative treatment. If manipu- 
lation proves of value, the explanation is likely to he foiinrl in the stretch- 
ing of inflamed and contracted tissues in the region of the epiciin«lyie.| 


OPERATIONS ON THE RONES, JOISTH A.Vti Tj:X|)(i.VS 

Repair of Nerz'es and Tendons of the Hand . — Bunnell '• rej'-jrtid an 
unusually interesting series of ca.ses of repair of nerve.-! ami le-ndmiN 
in the hand. Thanks to a meticulous technic anrl pain.staking study of 
the di.sabilitics, he was able to .secure a high i>ercentage of s!!(.vt‘>-sfijl 
results. His technic is rigidly a.septic and atraumatic. The work is d- i'.!- 
under ischemia to furnish perfect vision and to avoid the traurj!;: of 
sponging. "After winding the limb with an Ksmareh bandage froni tb- 
fingers to the elbow, a blood pressure hand is placed on the upi'r 
arm and pumped to 2.^0 millimeters of mercury. .-Ml of the ilis-eetne.: 
and fine work is completed before the tourni(|uet i.» relea^id, .-lud ih.'- 
should not be longer than one hour, or some degree of in»]ur.iii<*u 
reaction will result. On releasing the tourniejuet firm pre>»-ure m.ah- 
with sponges on the wound until heinorrhagi- from tlu- i-Tjnller 
has stopped. Triple O catgut contnds the rest." Tor ioijjing tend--::'. 
Turner’s patent ligature silk is u^ed. Bunnell reportvd -.m.vt-- vn-: 
long free grafts of nerves and tendons. 

An Operation for Slinaiiia a Propped Shordder. — lli-rny ‘ ’ •• 5 

an operation which he has perfonned for tlie relief o: j>-ir;-.h o: ;; ■ 
trapezius muscle with dropping of the .«hotdder. T!;- hir*-: 

was exposed and two holes drilled in it. From ;h«-e h . h - f;. -':' 
were passed around the spinou* pr«*ce.ss of the '-i^th cerv:e,:: 


(A Mills. lVrciv.il: Prir. M. .1. I.IJ 7> I' J' 
67. Biinndl. Stcrliiu’: }. Koju- A. t. -.e.’. 10:! 

Henry, .\rnolil K.; Prii I IS:*:.' , . 
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by flexing the knee. The sharp pointed bodkin was then passed through 
the posterior ligament of the knee from’ behind forward and made to 
follow the course of the posterior crucial ligament. 5. A small incision 
was now made over the subcutaneous portion of the internal condyle of 
the femur and a hole drilled through to the intercondylar notch. The end 
of the tendon was threaded on a flexible wire probe and pulled out 
through this opening. 6. The knee joint was next placed in full exten- 
sion, the tendon drawn taut, and its terminal end sewn down to the 
internal lateral ligament. The incisions were closed and the knee 
immobilized in a plaster casing. Plaster fixation was discontinued at 
the end of two months. The authors reported that at the end of three 
years ithe patient walked with a normal gait, had a full range of motion 
and had worked as an ordinary laborer. His only complaint is that the 
joint is a little weak, and this is explained by the fact that there is still 
a little excess of lateral and anteroposterior mobility. 

[Ed. Note. — ^The operation described appears to offer an ingenious 
answer to the perplexing question of how to repair a tom posterior 
crucial ligament. It satisfies the anatomic requirements better tlian any 
other procedure of which we have heard.] 


Osteotomy of Malleolus . — ^Pieii suggested a wedge shaped 
osteotomy of the external malleolus as a means of overcoming the 
residual varus deformity of the ankle after an old varus deformity of 
the foot has been corrected as thoroughly as possible. He employed the 
following technic : A cuneiform osteotomy of the external malleolus is 
performed, and a wedge of bone with its base external and with a width 
of approximately 1.5 cm. is removed. A transverse osteotomy of the 
internal malleolus is next performed from the inner side, the varus 
deformity of the ankle corrected, which closes the opening in the external 
malleolus and makes a wedge shaped gap in the internal malleolus into 
which he fits tlie wedge removed from the external malleolus. He 
reported satisfactory results in two patients and the roentgenograms 
were printed and showed good anatomic correction. 


Operative Correction of Drop Eoo/.— Lambrinudi noted that an 

operation to fix the os calcis to the astragalus with the latter in a posi- 
tion of permanent equinus, but with the foot at right angle ahnement 
with the leg would be an effective means of checking foot drop. By a 
lateral J-shaped incision exposing the astragalus, os calcis and scaphoid, 
he removed the cartilage from the subastragalar joint. He then resected 
the lower portion of the scaphoid and the head and part 
of the astragalus in such a way that when the astragalus is til ^ 
forward edge may be locked under the scaphoid. The portion re 


74. Fieri, Gino: Chir. d. org. di movimento 6:616 (Nov.) 1927. 

75. Lambrinudi, G,: Brit. J. Surg. 15:193 (Oct.) 1927. 
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it appeared improbable that there would ewr be hufiicitiu mu^ole 
recovery to enable the patient to go wiihoul a ix.Tni:mcr,t brace *>7 
crutches or without using the hand to n:inu>rce the qu.niric* nut-i ;!-. 
The age of the patients ranged from 9 to 16 ycjirs:. The I'l-Tati.ei 
sisted in shearing ofi the articular cartilage from the- femur, tibia ar.-l 
patella. The patella was used as a graft across the gap bef.viiu tlie 
femur and tibia. The epiphyseal cartilages were net daniagi <!. 
was obtained in all cases. 

[Ed. Note.-— W e believe, in general, that fusion <»f tin* Imic i:i i!i:.'.;;- 
tile paralysis is to be condemned, but there are -pecial cijvum-nu'.ii > 
which occasionally may justify it.) 

lujurics to Semilunar CariUtuft's. — b'aggc •' di-cti'-td ti e <•: 

lorn internal semilunar cartilages, particularly of the buclu't hari ilt 
which is commonest of all. .and in his opininu perhap- j'riju.-.ry ?•> ;.!! 
other t)*pes. His conception of the secjuemi- of e\ejits at t!tf tis” ■ <>f 
injury is that the knee is first abducted and the internal meni-i-U' I 
toward the center of the joint; then the free thin eilge of x'w ca.tti'.at.f 
becomes fixed, due to rotation in the joint, and with the exte!!-’<i:: v. ! ;. h 
follow.s, the internal lateral ligament is pulled ten-e .led tlu- thi. b » 
of the cartilage drawn aw.iy from the li.sed intertial e'b..'e, tin;- ; 
a splitting of the cartikage. 

Operathe Repair of Posterior Cnui 'l Lit.-auie::! tb.Ibe . t: ! 
J-cMesurier” de.scribcd an operation for tl.t repair of torn t- *■ r 
crucial ligament of the knee. The ‘•teps ot t''.e ftpeia'.ron *.ve!» '• 

lows: 1. Through a long medial incision at the i - -n ;.*p ■' 
the knee, the tendon of the .«:emitendiiw»>n' w::- e.\j -o I atui 
It Wfis del.achcd from tiie mu.scle as high a" »'ible in ;> • 

By w;jy of the sui)crfici;il jMjrtion of the split pa:s l}.!r in' i':**;;. * - 

tion of the semitendinosus on the inner surf.-ne of ;!:«■ t'b;:s ■ 

.and the detached portion of the teinbm drawn tiiT'-neh :i* • : •••. ■ 

leg. 3. The lower portion of the j-o-terior iiK-bal i:; v.;- • 

deepened .ami the sjwce between the ga-trocneinie.v !:!::-•.!■ !• 

widened until the poclerior lig;uiu'ni of tin 
jxjrtion of the posterior surface of tlu- libia 
of the libia was then drilled from 1 
emerging near the insertion of thi 
lemlon was then fast<-ned into ti.i 
and jxisscjI through the <lrill hob t 
joint was next opened by a split p Ibir inci-’ v 

72 r.'iCpf. t' lb: I5ri: 1. 15 J.".? o 

72 \V;lli.-i!n 1*. L. !.!. • --.r. A i 

1927 
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immobitotion reterds noranl healing and 

Disability and Cost of rndustrial -Frarfwm.—Gray/'' the medical 
referee for California of the Aetna life Insurance cLpany, mlde a 
study of the disability and cost of industrial fractures in respect to 
whether the patients had been treated by specialists or general surgeons. 
He summarized as follows : 


In conclusion, our tabulation shows ftat the surgeon who has been specially 
trained in the treatment of fractures produces far better results in serious frac- 
tures, but that the general surgeon does more efficient work wiA minor fractures. 
In major fractures the added cost produced by the specially trained surgeon is 
more than compensated by decreased disability. This is not true in minor 
fractures. 


Operative Treatment of Fractures.— Discas^mg the treatment of per- 
sons with fractures by open operation, from the development of which 
he expects future progress in the treatment of persons with fractures, 
Scudder stated his belief that under present conditions fractures can 
■ be divided into three groups: (1) Those never operated on, sudi as 
Colies’ fractures, fractures of the clavicle, many fractures in childhood 
or the adolescent period, and many fractures occurring at birth; (2) 
those always operated on, such as fractures of the patella witli wide 
separation of the fragments, fractures of the head or neck of the radius, 
with sucli displacement of the small proximal fragment that there would 
result without operation great limitation of pronation and supination, 
certain spiral and oblique fractures of both bones of the leg in the middle 
or lower third, fracture of the os calcis, in which tire line of fracture 
enters the astragalocalcaneal joint, fractures of the olecranon with wide 
separation, fracture of the shaft of the radius with displacement and 
irreducible fracture of the shaft of the femur ; (3) those in which opera- 
tion must be looked on as of doubtful applicability, such as fractures of 
the humeral shaft above the middle and near the shoulder joint, of both 
bones of the forearm and, of course, many others. 

Influence of th^ Surgical Experience During the Great War 
on Treatment of Persons mVi Fractures in Great Britain.— Accord- 
ing to Bristow,*® the World War taught three great lessons m the 
handling of fractures: first, the value of Thomas’ splint; second, the 
necessity for the segregation of fractures, and third, the value of teM 
work. The postwar experience has shown that there is great need tor 

7& Gray, R. N.: J. Bone & Joint Sarg. 10:27 (Jan.) 1928. 

79. Scudder, C. L. ; Indications for Operative Treatments of Fractures, J. 

M. A. 80:1917 (Dec. 3) 1927. 

80. Bristow, W. R.: Influence of War Surgery on Treatment of Fractures 
Great Britain. J. A. M. A- 89:1920 (Dec. 3) 1927. 



nr .tL^riiou'iinss ix oKrnornmc surgery 707 


from j 1»‘ fvoMj t»f }hr asir.ijjJjlus i.s rc.'^hapcd and placed at its {lostcrior 
Jo ;«i ;j>; ;i IdiM’l; iM'iwti'H that and the os calcts. The oiJcration 
ha'. Ih-i'jj jH'rfojjnt*.! jiinr tinu-s. wiih .st;\rn sncccssful results and two 
failwves, ihe Jatt< r «!ne to .'.lippiii}* i»f the anterior edjtc o( the astragalus 
fr.nn henrath the .«.eaj*hnjd. ‘rhe author stated that there should be good 
jK'Wer in the yastroeuetnius for this procedure to lie efiVctivc. 

hVsulh of ♦>/ l\ir,i]ytu- /'fV/.— Campbell *" rcixirtcd the 

je'.uh,'- in 2J.' paiietn*. in whom he employed his bone block o]Kralions. 
t *S the pafirnjj-. Jti} wrje ebililren ami 1(7> arluhs. Of the 104 children, 
sevrniy->.ix met all tetjuirenn nis in den-rmitting the end-results, while in 
iwr»t\ M-js.'hi either '.niJti’leni time had tjoj elapsed or the {Xitient was not 
availahli- f»>r ohj.ei'v.ition. In M‘veniy-one of the seventy-six, excellent 
re'uh*' wete obtaijird, the houe block being erfective and preventing 
plrmta*. tlesiMn by itiipingement of the bktek either against the i>osterior 
ri'-prct oi the tibia the rint of the ariieular surface of the tibia. There 
we!«- ji\e f:iihu< ‘. tbiee of which were <lue to improper technic at opera- 
tion :»> dciuoji'ts.itol by roentgenograms. The transplants were placed 

far posjeijor to the ankb* p»int to be effective in prevetiting plantar 
flexion. In one a good le'.nli was apparent after a few months, but was 
ftdbiwe«! by a p.radnal dropping «if ibe fo<it downwanl. though the size 
an<l telation of the Imne blocl. were .satisfaetJiry. Thi.s relapse was 
apjsoejitly c.anse*! by incivjised lebi.xaiion of ilte ligaments of the ankle 
joisn. In one. Jipicirattis was apiem ntly discarded too early, as the unor- 
ganind t.’jafi atid i-allns jH-rmilied plantar flexion from the constant 
{•nee of gravity, t'ampbell sl.'itcd that the bone block method has l>ecn 
of value in pr.ai'iically all persons with iwralyiic deformities of the feet 
wiilj the exceptioji of eavus. calcaiRMtiis and calcaneovalgns. Stabiliza- 
tion of tile fi»<»i ba*! been renilercfi more |)ositive by the l)onc block and 
by tbe :iddiiio»ai fn.sioji of the astragalus atwl calcaneous through the 
block. 

FUAtTl'KKS 


Ab*T 7 r;e of Two Thousoml fraclurcs . — Newell published a review 
of 2,000 fraciure.s in jwtienis personally treated during the past seven 
years. In this gninp, there were sixty-fonr jiaticnls who were treated 
hy open oiwration. The frequency of operation in respect to the dif- 
ferent hones was fractures of the radius and ulna first, of the tibia and 
fil)nla sccottd, and of the ])atcnn third. T he fractures included all parts 
of the lioily, the lower extremity ranking first. There was only one 
instance of notuuikm and only one of \'olkmann’s contracture. Open 
rcflnction was jterformed in alnutft all ca.scs of fracture of the patella 
and in dcpressetl fractures of the zyg«)malic arch. The author expressed 


76, Cimpbcll. \V. C; .Nin. J. SiirR. 3:62 (July) 1927. 

77. Newell. K. H.; S«»iilli. M. J. 20:644 (Aug.) 1927. 



710 


ARCHIVES OF SURGERY 

Free mov^ent of fragments does not inhibit the normal repair pro- 
cess, but if fractured ends of. low vitality rub against each other, the ' 
bone fragments cannot rub against each other without becoming reduced 
in vitality and friction facets speedily develop which are similar to the 
orclusal and interproximate facets on the teeth. Such facets develop 
within two weeks after the fracture and are usually described as polished 
or eburnated areas. These are found most often in fractures of the 
ribs but may occur in long bones. Endosteum or cancellous tissue is of 
great importance in bone repair. Compact tissue fakes little part com- 
pared with the endosteum and cambium layer in the formation of new 
bone. It acts as the scaffolding on which the new bone is laid down. 
When cancellous tissue is relatively most abundant and mobility feeble 
or absent, repair is quickest, namely, in vertebrae and in fissured and 
"greenstick" fractures. 

Fractures About the Elbow . — ^Sixty patients with fractures about the 
elbow were studied by Conwell.“ Only two of these were treated by 
open reduction. In the author’s opinion, open reduction should be per- 
formed only when repeated attempts at manipulative reduction fail. He 
does not consider the presence of swelling about the elbow a contra- 
indication to immediate closed reduction. He fixes the elbow by a 
special type of traction apparatus and permits .active motion, as soon 
as the patient is able, to the limit permitted without pain., 

Allison laid down the following rules for the treatment of persons 
with fractures about the elbow : 

1. Always give consideration to three factors in fractures of the 
elbow: (a) injury of the bone; (&) injury of the nerves, and (c) 
circulatory damage. 

2. Haste is unnecessary. Take roentgenograms of the region of 
injury in two planes. Get a rough estimate of the condition of the 
peripheral nerves and record it. Form an estimate of the condition of 
the circulation in the forearm and hand and record it. 

3. For the treatment of simple fractures, acute flexion is the rule, 
but before fixing the elbow, make sure tliat the fracture is reduced. 
Watch the circulation of the hand. 

4. Difficult fractures of the elbow involving the joint, including 
those with much comminution or displacement or with accompanying 
dislocation, require hospitalization and the utmost of surgical skill. 

5. In the after treatment, use of the part should be pemiitled and 
aetive exereises encouraged. “Pump handle" manipulation should be 

avoided. 


82. Conwell, H. E.: South. M. J. 20:579 (Aug.) 1927. 

83. Allison, Nathaniel : Fractures About Elbow, J. A. M. A. 
.1927. 


89:1568 (Nov. 5) 



«7/..sv>.Y nr .)L.~^vuouitv.ss is oKmoHunc surghry m 

tlw-M* M J»o .'Hipririiucil as in war lime, both from the point 

'oi view Ml iIk* IfcM aitr of t?if paiiefic an<l fnnn the aspect of teaching. 

/V;»vaOi‘iv;a; of tiu' hotly Suttjes of fionc Ixrfair . — The results of 
jiftrin vein*. m1«m rvatiMu nf >•] Mvimen.s CMining to the \Vc.stern Reserve 
.\naiMini<';i1 Ijibojaturv :in«I tlu* cnnclnMfms derivctl from them con- 
t’cTnint; tJu* phrimnirna »n’ lh«' ravly Magt> of |»one rcjKiir were reported 
by 1 1 *}!} ;m«1 HciV' .^^■^■Mldin!; tlicm. the principles of bone rc]>air arc 
simple .’niil iln'ir appla.iiin!] \.inVfl. The fragments show erosion and 
vavail:»;i*_\ . I'aii ni tl'i' r!<<'.»Mn ir. din* nndonbtedly to remova! of the 
de*. haJj.TiJ ijj iJ.i' ;ji-ti!;(J pj4«'e'.<. .i| jracinre. part to the channelling 
oj i.jil bf«:r aibricrn; il:e isactnte In the multiplication of lihiod vessels 

which ::ie hjJr.jdj::- nc»e ‘.!iy {ctbnhnn fin’ nonri.shment of the rejxiir 

< •!; the i:. ..ve.j* oj ihr fracinved and adjacent .surfaces, sub- 

pj .-iJ • r.-.d "J cao.t ditu*.. iln-re appears a callus of varying 

Jijif-iy in ijimiMb-h.-rd frajjiiteMfs. la\'a-lllcc in tho.se which 

v.< !*. j- ar.iUi'l !. > J‘.y ••Uc » -.‘ive 't;i;;eK, this callus is transformed 
s;;tM 1 1;-.-: nj;-,**. ,,;jd i.:Srs }ni«» ti.-*-ue With haversiaii sy.stems. 

1 v.d;i ..tl.ij,!' :.v-! • ndn'iral i lTi'«*me.< re>hiiV(l (»r eliminated and the 
! '<i !s:i. ;■.!.< .) tl'.at a <•.::!«..! wa.w surf.w: is deve!ojx*d. Definitive 
..s.-J through the coriicizatwm process 
! }v :<■ j'. };« ililb'jftav s;: ih** acjna} .sp<-«‘d of development of thc.se 
so djijeica ««j t j.'.« tme^. but it is natural that a complete 
c.nnot !«' M-hdii binlgid as qnicldy as an incomplete one. 
<e.;’!s the •:ii};e fe.'jtme* are to bt observed in a complete as 
hi !;-r;i h tfuied :':.eto!«-. an»l :!hhMiu:h they are to lie found at the 
•ia::'- tj-i Ji med fS 'V'ieejMielv” fra- fntv will he completely healetl 
h, tmtiiv da)', v,' e;ea'. .1 omiplcir iMjjy-hone fracture may after 

’.he I:-.’,-' n; that sina I.mw large ma'M'S of heaped up lava-likc callus 
v.iib Ml ;.!j i!;ib;:i3:;' d :;aj». .\n inip.aeted fr;jctnre, .say of a vertebral 
b...iy, ie hf.ile.i in tbnleen «l.i" lnei|ualiiy of vig«»r in repair is 
ch.-ii.nn Ml the 'e-.eral part'* •>: ;tny fracture. In certain specimens 
thi- »;o'. I '• dntctly ref< n< d to b. ?:«• damage by .sire.ss or .strain at ibc 
acitia! ie. t.'ii’.t of iraeiure, but iv fibers tlie jwv»bablc cause is more 
ob'cme. Wbeie tlie jK riM‘.n*itni o lUnated fn»m the bone adjacent to 
a fraetnn- the bone often is dinm idicd in \iialily. docs not .show erosion 
anil <l«ie‘ not take ait active pan in repair, ahliough it is not dead and 
become; nhiniaiely pa’-ively iih.»rpor.'iiivl in the new strnctnral l>onc. It 
must not }«• inferred that the niod jwriostenm develops new bone. .As 
a rule the eanihiuni l;tyer is de^lr•oe^l. and new bone is formed at or over 
the stripped surfaee. Such in-iaims are found more freqncnlly in frac- 
tures <if the ribs than in the lone l«*iics. and they never occur in vertebrae 
'■o far as the W'esterii K'eserv** Xtiatoiiiical I,ahoraiory collection shows. 


PI. Torlfl. T. W.. and Her. D. H 'nn. Surfi. 86:715 (Nov.) 1927. 
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* compression fracture, found that the minimum period of dis- 

. ability before the case was seen by an impartial referee was 17.7 Lnths 

2 When suspicion is aroused it should be conermed or allayed by accurate 
roentgenolo^c films taken in both the anteroposterior and the lateral plane- if 
doubt remains, stereoscopically as well. ’ 

3. Complicating fractures of the laminae, transverse processes or of the ribs 
and of the bones of the extremities, especially of the os calcis, are often present 
and influence treatment. 

4. In early uncomplicated cases, adequate nonoperative methods may be 
expected to restore full wage earning capacity. 

5. In old cases presenting symptoms, the reduction of the postural faulty 
mechanics may be expected to relieve the pain and in many cases, the disability 
as well.^ If nature has not ankylosed the injured region of the spine, and the 
patient is to return to back bending labor, ankylosing operations after the faulty 
mechanics have been corrected are likely to save time and allow the patient to 
labor without apprehension. 


Fractures of the First Cervical Vertebra. — Jefferson®^ collected 
reports of sixty-five cases of fracture of the atlas. He pointed out that 
in thirty-two cases reported since 1900, only five patients died. The 
advent of the roentgen ray, making diagnosis possible, has led to an 
apparent reduction in the number of deaths. The location of these frac- 
tures was as follows: anterior arch alone, eight cases; posterior ardi 
alone, twenty-nine cases ; both arches, twelve cases ; lateral mass, seven 
cases; transverse process, three cases. A longitudinal compression of 
the head on the spine was the most common cause of this injury. The 
complicating injuries were fracture of the odontoid process (seventeen 
cases), rupture of the vertebral artery, rupture of tlie great occipital 
nerve and injury to the spinal cord or medulla. 

Late End-Results in Ununited Fracture of the Neck of the Femur 
Treated by the Bone Peg or Reconstruction Operation. — ^The end-results 
of the operative treatment in 146 cases showing ununited fracture of 
the neck of the femur were reviewed by Albee ®® and summarized as 
follows : 


Five patients were seen early and treated by the Whitman abduction spica with 
excellent results. Thirteen cases had to be eliminated because of incoraplefe 
records. In forty-two of the remaining 128 cases the bone peg operation n-as 
recommended; in fifty-three, the reconstruction operation. Six of the former 
refused operation, and nine of the latter, leaving a total of eighty patients (36 hone 
peg and 44 reconstruction operations). 

In ninety per cent of the bone peg operations the , 

good, and in seventy-five per cent of the reconstruction operations. T^in^ 
between the time of operation, and that of the last ^mination , 

few months to fifteen years. Function is usually good within 
operation. When we consider that ununited fracture of the neck of 


87. Jefferson, Geoffrey: Brit. M. J. 2:153 (July 30) 1927. 

88. Albee, F. H,: J. Bone & Joint Surg. 10:124 (Jan.) 1928. 
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tive of Ae method of treatment used, a great amount of motion does 
not result m any case. In the author’s experience, the disability due to 
ankylosis of the subastragalar articulation, provided the foot ivas in 
good weight bearing position, was scarcely recognizable. The tarsal 
joints developed compensatory hypermobility which gave a fair 
semblance of the. lateral motion of the foot, and heavy work could be 
done without complaint. 

Fvdctuve of Fifth Metatatsal Bone . — ^By means of a r^ort of twenty- 
one cases, Carp illustrated the tendency which he has noted for a 
fracture of the fifth metatarsal bone to exhibit delay in healing. He 
ascribed the tendency to a defici^t blood supply. Of these patients, 
tiventy were adults and five showed clinical and roentgenologic evidence 
of delayed union. All the other patients had clinical S 3 anptonis over 
such, long periods that the author thought it fair to assume some inter- 
ference in bone repair in their cases also. By way of treatment, the 
author st^gested immobilization of the foot and leg by a molded plaster 
splint and, when possible, weight bearing in the splint before the end of 
one month. 

DISLOCATIONS 


Pathologic Dislocation of the Hip Joint . — Putti and Zanoli 
reviewed the subject of pathologic dislocation of the hip joint resulting 
from acute infantile arthritis. They discussed the diagnosis and patho- 
logic changes of the condition and reported fifteen cases with end-results. 
They considered that closed reduction is usually impossible, contrary to 
the opinion of the French authors. They described the four methods 
of interventign- employed by them as follows: 

1. Reconstruction of the epiphysis and nedc of the femur by means 
of a free bone transplant, the head and neck of the fibula being used 
(one case). 

2. Reduction of the greater trochanter into the acetabulum, followed 
by subtrochanteric osteotomy to reform the femoral neck (three cases). 

3. Simple reduction of the epiphyseal stump (five cases). 

4. Plastic reconstruction of the femoral neck (method of Whitman, 

seven cases). . , ' .• n 

The authors concluded that Whitman’s method is the one chiefly to 

be recommended. 


92 . Carp, L.: Ann. Surg. 86:308 (Aug.) 1927. 

93. Putti, V., and Zanoli, R.: Chir. d. org. di movimento 6:539 (Nov.) 
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nfrequent.condition m presumably normal brains for the rolandic vein 
to be either absent or relatively insignificant, instead of being the out- 
standing vein of the hemisphere. Such conditions merely indicate the 
great normal variations of the venous system that occur in tlie brain and 
that still appear to be of no significance. 


In figure 3 (case 3), one sees a relatively enormous vein over the 
frontal lobe. This vein is continuous with the sylvian vein as the 
rolandic vein should be, but it is 4 or 5 an. anterior to a small rolandic 
vein which emerges from the brain tissue just below the facial center. 
In case 5 (fig.- S), the rolandic vein passes from the syMan as it 
normally should, but sweeps backward in a crescent, and finally, when 
approaching the falx, bends sharply forward at a right angle and then 
again mesially at another right angle. Both of these rolandic variations, 
however, are only a small part of the composite venous and cerebral 


abnormalities. 


In none of the venous deformities is the size of the vessel abnormal 
(possibly excepting case 3) ; rather, it is the number, shape and distri- 
bution of the vessels that are abnormal. In this respect the venous 
changes differ from those of the arteriovenous aneur^^sms in which the 
size of the vessels is so striking. In addition to the great size, the venous 
component of arteriovenous aneurysms also shows great abnormalities in 
shape, number and distribution. One can always be sure tliat the lesion 
cannot be arteriovenous if the veins are of normal size. Moreover, in 
venous anomalies, aneurysms or tumors, one never sees in tlie veins 
exposed at operation pulsating red blood, which is characteristic of 


arteriovenous aneurysms. 

In some instances (fig. 3), the deformation of the cerebral convolu- 
tions is even more striking than that of the veins. Many of the con- 
volutions are of relatively enormous size and lack the characteristic 
shape. They appear like masses of brain tissue, improperly formed. In 
such cases, doubtless both the veins and the brain tissue are wrapped 
up in the same fundamental maldevelopment. Case 4 (fig. 4) is another 
example of a vascular abnormality being dependent on the primary 
embryonic cerebral defect ; the sylvian vein received a branch from each 
side of the cyst and passed along the sylvian fissure as a bifid trunk. 
In this case tire temporal lobe did not have any attachment to the pan- 


etal lobe, except in tlie depth of the brain. 

In case 7 (fig. 7) there was a venous plexus in the sylvian fissure 
of each side and eight or ten additional small plexuses in the pia 
arachnoid over both cerebral hemispheres. In this patient there were 
two other associated cerebral deformations: (1) absence of the corpus 
callosum, (2) stricture of the aqueduct of Sylvius wth resultin, 
hydrocephalus. The child was an imbecile. ^ 

Cerebral and vascular deformations are, therefore. 7 * -* 

ciated. The one may cause the other, or, as m case o, the) .. 
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Perhaps thke is more reason for a later origin in arteriovenous lesions, 
for they haye a definite tendency to increase in size. One can conclude 
only tlat any cerebral- lesion is always a potential source of epilepsy, 
and that the time element is uncertain for reasons that are not known. 


REPORT ’ OF CASES OF VENOUS ABNORMALITIES OF THE BRAIN 
Case 1. — Venous Anomaly of the Brain. 

A boy, aged 35^ years, was referred by Dr. Roseiiberger of Milwaukee because 
of blindness. Two weeks before admission to the Johns Hopkins Hospital, the 
patient had begun to'.stumble over objects, apparently because he did not see well. 



Fig. 1 (case 1).— Field of operation showing the venous anomaly. 


He was unable to nicogniae pictura which he tad taOT 

examination of the head was normal, blindness and questioniible 

A suorapituitary tumor was suspected because of the blindness 
a^ as Sgg^ted hy the ophlhataescop.c 
The right ventricle was uniformly smaller to ^ ^ ^ rthsa. 
Operation.-Right craniotomy was 5 veins converged from 

(6,.?). A scries 

the frontal and parietal lobes to the syivia 



D.i.wny—riiSous .inNomuijriEs of brain 
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entirely iiKlependenl ami referable to a faulty general development in the 
embryo. In cases 2. 5 and 6. tremendous vascular deformations were 
jire-sent. in that many ve.s,scls of fairly tmifomi size radiated from the 
sylvian vein. In such cases the vascular l)cd becomes a space occupying 
lesion of consi<lerable size and doubtle.ss acts as a tumor, for in each 
instance the epileptic .seizures were focal and began in the face, i.e., the 
jKirt of the motor area nearest the tumor. Surrounding this vascular 
bed. there is always a pool of fluid in the subarachnoid solace, and usually 
the lephaneninges r)ver the alTecled areas arc thickened and often o]}aque. 
1'he brain tissue beneath is also softened and the convolutions atrophied 
as compared with the surrounding unaflfeclcd lirain tissue. In case 6 
(fig. ft) ventriculograms demonstrated that the va.scular bed had indented 
the bmly of the lateral ventricle. As seen at oi)cration, the network of 
vessels was so dense that the underlying brain was entirely obscured. 

Another abnormality not infrequently seen is the tortuosity of 
veins. This is shown in a .scries of anomalous veins in case 1 (hg. 1). 
Not infrecpiently one secs many of the smaller terminal veins tortuous 
when the larger trunks are m)t afi’ectefl. In a recent case of a congenitally 
deformed brain, a series of eight or ten such venules diverged from the . 
center of the frontal lobe, some going to trunks entering the sylvian, ^ 
rolandic veins, and others to frontal veins passing to the longitudinal 
sinus, 'rhis tortuosity of some of the smaller veins was also present 
in ca.se 5 (fig. 5). In this ca.se there wtis also a diverticulum (venous 
aneurysm of the su])crior longitmlinal sinus). 

cm.NirAi. ri;ATL'i{i:.s of vkxous ailvouaialities 

With two c.'cceptions (cases 1 and 7) these patients were operated 
on to find the cause of Jacksonian cpilep.sy. The patient in case 7 was 
ojxirated on for hydrocephalus; the vascular tumors therefore were 
incidental. Operation was jjcrformcd in case 1 because of blindness, 
and the vascular changes were also incidental Three of the patients 
(cases 2. 4 and 7) had varying grades of mental retardation. Another 
was too young to judge the mental status (case 6). 

Two patients (cases 2 and 3) bad some .slight evidence of motor 
weakness of the opposite side of the body. In both of these patients 
the motor wc,ikncss was increased for a short time after the epileptic 
seizures. In one patient (ca.se 5), the epileptic seizures did not begin 
until he was 28 years old, and in another patient (case 3) the attacks 
began when he was 13 years of age. The other patients developed 
convulsions at 5 months, S months and 2]^ years of age. The time 
at which convulsions develop from a cerebral lesion is most variable, as 
these results indicate. The remarkable fact is that a lesion can exist 
for twenty-eight years without causing trouble and then without apparent 
reason convulsions will suddenly appear. In arteriovenous aneurysms, 
the time of onset of attacks may be delayed until much later in life. 
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these attacks; but kter they had been an aura of a convulsion. The seizures ramf 
on about every two weeks. After a convulsion, the left side was partially paralyzed 
for several minutes. 

Operatioii.~A right craniotomy was performed on Fdj. 19, 1927. The striking 
observation was the large vein which came out of the posterior part of the frontal 
lobe about midway between tfie falx and the sylvian vein (fig. 3). It passed 
downward into the sylvian vein. A small inconspicuous rolandic vein was about 
4 cm. posterior to this anomalous vessel and it had no visible connection with the 
sylvian vein. The size of the big frontal vein raised the question as to whether an 
arteriovenous aneurysm might not be beneath, but the blood in the vein was not 
definitely redder than normal; pulsation could not be seen in the blood stream; 
nor could a thrill be felt. Even more striking than the venous abnormality was 



Fig. 2 (case 2).— Venous and cerebral anomalies. 


the great deformation of the convolutions in the frOTtopanetal 

were of enormous size and markedly irre^lar. ® ^ jj ^ggp 

patient. The presence of the old hemiplegia still leads one to wonaer 

vascular lesion may not be present. 

Case 4.— Venous Anomaly of the Brain. ^arkward unable to raise the 

A physicim-. child, aged 3 years. p,’ m had coar«lsi» 

head and had frequent conyulsions. When 8 s , had been 

twhehings in to left side of to ntennh and ^ A «on»^a^^, ^ 

a series of generaliaed conrulstos before operation 

he had had two or three *,elopinenl. For sercral 

toy ttoe absent. 

months he had been getting weaker and had taken roo 
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was larger than usual and bilid for some distance, it was not abnormal. The 
cisterna chiasmatis was so large that there was a question at the time as to whether 
this could have caused the blindness. During his stay in the hospital the blind- 
ness persisted, but a report two j'cars later stated that his vision' was .normal 
again. 

Viewed in rctro.spcct, the operative observations did not explain the blindness, 
nor had the vascular conditions which are here reported caused trouble. They 
were merely evidences of a congenital maldcvciopment in the brain. 

Case 2 . — Venous Anomaly of the Brain. 

A girl, aged years, was referred by Dr. Walter Cox of Winchester, Va., 
Iiccausc of focal cpilcp.sy. Birth had been normal and easy, and had occurred at 
full term. When the infant was S months of age, it had first been noticed that 
the normal mental response, evidenced by smiling and holding up the head, had 
not appeared. When she was 8 months old, definite signs of retardation had been 
noted. When 1 year of age, the right arm and leg had been less developed than 
the left, and attempts to hold up the head had been unsuccessful. When 18 months 
old, she had seemed to see things, but did not fix her attention on objects or 
persons for any length of time. She has never learned to walk or talk. When 
2^ years of age, she had had the first convulsion, which had lasted about a 
minute. The eyes rolled up at the onset of the attack, the right hand drew up, 
then the leg and soon the entire body was involved in a clonic convulsion. She 
was unconscious about an hour. Numerous convulsions of similar type had since 
recurred. On one occasion, six or seven attacks had followed in quick succession. 
Incontinence of urine and even of feces had been noted. There had been many 
attacks of petit mal type, evidenced by a momentary staring expression. 

Examination . — ^The cliild could not stand or talk. She responded with a silly 
grin when questions were asked. The right side of the body was relatively 
underdeveloped, though the arm and leg moved freely. There was also slight 
facial asymmetry. The deep reflexes were increased on the right side. 

A probable diagnosis of a cong«iital lesion of the left cerebral hemisphere 
was made. 

Operation . — Left craniotomy was performed. A large collection of fluid 
(subarachnoid) covered the anterior half of the exposed area of brain. Over 
the frontal region, the fluid was at least 1 cm. deep. Through this fluid, and 
better after its evacuation, five separate interlacing veins (a venous plexus) were 
seen which filled the sylvian fissure (fig. 2). From this series of veins, twelve 
or thirteen parallel branches passed across the frontal and parietal lobes to the 
superior longitudinal sinus. The convolutions of the frontal and parietal lobes 
were pale, soft, depressed and irregular. The convolutional markings of the 
temporal lobe were much less affected, ' but strikingly abnormal also. ‘The sub- 
sequent course of the patient was unimproved. 

Anatomic Diagnosis . — ^There was an extensive congenital maldevelopment of 
the brain. In this, the vascular system shared extensively forming a bed of 
vessels which almost obscured the frontal lobe. 

Case 3. — Venous Anomaly of the Brain. 

A boy, aged 14, entered the Johns Hopkins Hospital because of convulsions. 
Since birth the left side of the body had been smaller and weaker than the right. 
Mentally, he had been somewhat precocious. One year before admission to the 
hospital, he had had the first convulsion, which had begun in the left side and 
which had quickly become generalized. For two years previously, he had had spells 
of tickling sensation in the left side of the face. No attention had been given to 
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the surface of the brain (adhesions and meningeal thickenino'^ at 

acute abscess, had broken into the ^ tnickenmg). Moreover, if an 

the outcome. The failure of the rfifw ♦ ^ ^ undoubtedly would have been 
congenital cerebral malformations in the l^V^ “entally doubtless denoted other 
operation, though benefit did not resulf ®“«PJjere. The child survived the 

in the teeth on the right side. He had had nine other major attacks since then. 



Fig. 4 (case 4). — Venous and cerebral anomalies. A cyst pressiting in the 
sylvian fissure is responsible for bifid sylvian vein. 


in all of which his right hand and face first began to contract. Mental change, 
dizziness or vomiting was not noted. 

The results of the physical and neurologic examinations were entirely negative. 
The Wassermann reaction of blood was negative. 

Operation . — left craniotomy was performed on March 14, 1928. Aside from 
two little arachnoid villi which had perforated the dura and formed small knoblike 
papillomas between the dura and bone (the cause of their formation and their 
significance, if any, is not clear), nothing abnormal was encountered until the 
brain was exposed. A striking, congenitally malformed brain was disclosed. 
The arachnoid was thickened and the subarachnoid fiuid formed a large pool o\cr 
much of the exposed brain. This bed of fluid was particularly deep oter a great > 
widened sylvian fissure into which nineteen veins of varying size converged rom 
the frontotemporal and parietal lobes. They passed into the sylvian and ro an ic 
veins. The rolandic vein was very large and abnormally placed. It made a wg 
bend posteriorly after leaving the sylvian vein and when about 3 cm. rom 
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When 3 months of age, the patient had had a high fever and . a rigid and 
retracted neck ; examination of the spinal fluid rev'ealed 76 cells. Shortly after this 
attack, his right eye had become crossed, and he had lost the use of his left arm 
and leg. He had become emaciated and had been unable to move the head for 
some time. Gradual improvement had followed during the next few months, 
and the function of the left leg had returned entirely, but the arm had remained 
spa.stic and was not used much. It was five months after this illness when the 
first convulsion developed, beginning in the left side of the face (the affected side). 

Physical and neurologic examinations revealed only the slightly spastic left 
arm which the patient used much less than the right. 

The history suggested an old inflammatory lesion, perhaps an old healed 
abscess. 



Fig. 3 (case '3). —Venous and cerebral anomalies. 


Ventriculography showed a large cavity in the region of the right temporal 
lobe, filled with air and communicating with the lateral ventricle. 

Operation.— The right cerebral hemisphere was explored. A large cyst was 
found between the temporal and parietal lobes (fig. 4), and opened into the body 
of the lateral ventricle. A branch of the sylvian vein passed on each side of the 
cj-st. The whole temporal lobe as far back as the occipital lobe did not. 
have any superficial attachment to the rest of the branch. The bifurcated ss’lvian 
vein surely represented a congenital malformation. The separation of the 
temporal lobe from the rest of the brain was surely due to a congenital defect 
and doubtless the big cyst with its communication with the lateral ventricle was 
another malformation. There were no signs of an old inflammatory process on 
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fh. w® the physical and neurologic examinations were negative; also 

the Wassermann reaction of blood. The family histoiy' was negative 

Opcralwn.—^. small left-sided craniotomy was performed. The svlvian fissure 
was wde and a roughly circular area extended mesially from it. This area was 
covered with fluid, beneath which a mass of veins could be seen (fig. 6) After 
the fluid was evacuated, this cluster of vessels, not unlike a pampiniform plexus 
of tortuous enhvined veins, was more distinct. The vessels completely obscured 
the underlying brain. They covered Broca’s convolution. A second smaller plexus 
was situated on the temporal lobe about 2 cm. from the large plexus. Several 
veins bridged the inter\'ening gap and connected the two vascular beds. The vessels 
were all veins. Palpation did not reveal a thrill nor was pulsation visible. The 
shape and size of the convolutions were irregular and markedly abnormal. 

The operative obserrations indicated a congenitally malformed brain with 
venous anomalies. 



Fig. 6 (case 6). — Two congenital plexuses of veins in the sylvian fissure. This 
mass of veins produced an indentation in tlie bodj- of the lateral ventricle (ventric- 
ulogram). 


Case 7. — I'ciious Anomalies of the Brain: i’enous Plexuses. 

An infant, aged 2}4 years, was referred by Dr. J. B. Sidbiiry of ilmiiiK* 
ton, N. C, with the diagnosis of hydrocephalus. The head was large at birth ; 
ptosis of left upper lid also dated from birth. At the age of 3 months, the head 
had grown rapidly, then measuring W/i inches (47 cm.). Jerk}' movements o 
the c-Ktremities had been frequent during the first three months, but there had n-.t 
been anv convulsions. The child had held up her head when she was » mont i. 
of age, and had laughed a month later. She could not sit up alone, thougli she 
used her hands and legs in playing. The head did not grow so rapjrtly alter tiic 
first six months. At one .vear of age. it ”<» 5 urcd 21^< mches faW 
present (Zyi vears of age) it is only 22J< inches foAS cm.). W hen l e • 

5K- months’ of age. the first tooth had appeared: at 1 .vear J"'* 

teeth. Her condition had remained more or less "7,’^ j n.., 

months. She could not sit or stand alone, could not leed herself, and coull 
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lon^tudinal sinus suddenly turned forward at right angles, and after a course of 
4 or 5 cm. again turned abruptly at right angles to enter the longitudinal sinus. 
No thrill could be felt in the enlarged rolandic vein, nor was there evidence of red 
arterial blood in the vessel. Over the frontal lobe another series of veins (about 
eight in all) converged to three larger trunks which entered the longitudinal sinus 
anterior to the point of entry of the rolandic vein. 

After the subarachnoid fluid had been e\’acuated, the convolutions were seen 
to be badly misshapen and malformed. Many were large and pointed instead 
of haring the normal well rounded surface. In addition to these abnormalities, 
a venous diverticulum from the longitudinal sinus was found with the characteristic 
anatomic conditions described under the cases of this type. This was removed 



Fig. S (case S). — Drawing at operation, showing masses of veins emptying into 
the sj'lvian vein, the abnormal course of the rolandic vein and the venous aneurysm 
from the longitudinal sinus. 

and a fascial transplant sutured in the dural defect. It was not thought that this 
aneurysm was causing the attacks because they began in the face, but rather that 
they were caused by the congenital vascular and convolutional ensemble con- 
tiguous to the facial center (fig. S). Nothing could be done to help this. 

The postoperative course was uneventful. 

Case 6. — Venons Anomaly of the Brain. 

An infant, aged S months, was referred by Dr. J. W. Amesse, of Denver, 
because of Jacksonian convulsions beginning in the right side of the face but 
quickly h e ro mi ng general. The first attacks had begun a month before admission 
to the hospital. They had steadily increased in number and severity, and many 
attacks occurred daily. 
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Who lad bilateral sj-mmetrical ele^•ation of the skitll, to cither side of the 
longitudinal sinus and slightly anterior to the rolandic area. Although 
superficially the bony prominence suggested an osteoma, the x-ray 
examination showed this diagnosis to be incorrect, for the bone iras 



Fig. 8 (case 7). — The venous plexus in the s>‘lmn fissure of the right side of 
the brain and several small plexiform angiomas over the cortex. The drawing in 
figure 7 is from the base of the brain. 



Fig. 9 (case 7).— Left side of the brain showing plexiform angioma m the 
left sylvian fissure. 

greatly thinned in addition to being pushed definitely out%\-ard. On 
exploration of this part of the skull, the sudden thinning of the bone 
^ras found to be striking and the dura immediately beneath to be exceed- 
ingly bloody, owing to the presence of a well localiml dural 'a^cu a 
bed (fig. 10). On turning back the dura, this same localized area ^ . 
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lalk. SIic gritted her teeth a great deal, particidarly when she lost her temper. 
The fontanels were entirely elr).<;cd. An nhstrnction in the ventricnliir system was 
shown hy the fact tliat phennistilphnnphthalcin injected into the spinal canal did 
not appear in the ventricular lim'd. 

Of-rration . — The floor oi the third ventricle wa.s removed for hydrocephalus. 
The fissure of Sylvius contained a venous pIcNus (anginina). The angioma was 
made up of cerebral tortuous veins which were entwined. Tributaries converged 
to the venous plexus from the frontal and parietal lobes. 

The child dicti forty-eight hours after ni)eration. Autoptsy showed another 
venous plexus mi the other side of the brain and in precisely the same position, 
which was nlmo.<>t an exact diiplieate of the one found at operation. In addition. 



rig. 7 (case 7 ). — Congenital plexiform angioma in each sylvian Assure. 

there were eight or ten little venous ^collections of much the same character in 
the pKi-arachnoid membranes over both hemispheres. Each little vascular mass 
of veins measured from 1 to 2 cm. in diameter, and was flattened on the brain 
and not elongated like those in the sylvian Assure. They were free in the 
meninges and could be dissected from the brain. In addition to these vascular 
abnormalities, the corpus callosum was absent and the aqueduct of sylvius 
obliterated (Ags. 7, 8 and 9). 

VENOUS ABNOimALITlES IN THE DURA: VENOUS ANEURYSMS? 

In a group of four venous aneurysms with focal epilepsy in which the 
attacks began in the leg or arm, an anatomatic observation was so uni- 
form and so striking that I venture to suggest an etiologic relationship. 
The lesion is a diverticulum of the superior longitudinal sinus— a venous 
aneurysm. My attention was first drawn to this condition in a patient 
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remains on the oj^site ade and has not caused any symptoms. 

in r ^ IS m association yvith focal com-ulsions tint Ix^n 

1 the 1^ or arm, and if anotiier lesion in the prerolandic cortex is 

absent the «i^ce of the lesion and its causal relationship u-o„ld 
seem to be definite. 

Brief mention is made of a case in which there was an enormous 
occipital sinus (case 11, fig. 13). AVhether it has any clinical sig- 
nificance IS doubtful, but It is an example of a venous anomalv, which 
may offer great sui^cal difficulties and dangers if not recognized before 
it is opened. This sinus, while normally present, may be and not infre- 
quently is entirely absent, and when present its size is most variable, 
though rarely over 1 cm. wide. In one patient, a hydrocephalic infant, 
the occipital sinus was proportionately larger than in tins iiatient; it 
was not the cause of the hydrocephalus but was merely another mani- 
festation of a congenital anomaly. In both of these cases, the occipital 
sinus bifurcated near the foramen magnum and each branch {lassed 
laterally in the dura to enter the internal jugular vein at the jugular 
foramen. 


REPORT OF CASES OF VENOUS ABNORMALITIES IN THE DURA 

Case 8. — Vettous Aneurysm from a Longitudinal Sinus. 

A large, strong man, aged 24, was referred by Dr. W. L. Brown, of El Paso, 
Texas, in May, 1921, because of recurring Jacksonian convulsions. The family 
and past histories were negative, except for one incident which will be included in 
the story of his present illness. 

The hrst attack had occurred suddenly six years before admission to the hos- 
pital, when the patient was 18 years old. Since that time, they had averaged about 
two a month, with a tendency gradually to become more severe and more frequent. 
Every' attack came at night just as he u'as dozing off to sleep. A queer feeling 
"like a chill” awoke him. In a few seconds the right arm and face began to Jerk 
and then became numb. He then lost the power of speech but was still conscious. 
He passed into coma as the convulsions became clonic and bilateral. Following 
the convulsion, he had a queer sulphur taste in his mouth (uncinate attack?). .An 
interesting fact in his history was that W'hen 11 years of age he complained of 
attacks of numbness of the right arm over a period of nearly a year. This dis- 
appeared until the advent of convulsions seven years later. 

The results of the physical and neurologic examinations were negative, except 
for a bony prominence situated in the midsaggital line and extending on c.ncli 
side of the midline; the left side was distinctly a little larger. In the midsaggttal 
plane it was a trifle less than midway between the nasion and the inion. The bfmy 
prominence measured about 7 cm. from side to side (bilateral) and 3}4 cm. antcro- 
postcriorly. The roentgenograms showed a marked localized bulge of the skull 
in this region with great thinning of the I)one from within. 

Operation.— On May 28. 1921. left craniotomy was performed, approaching the 
midline. The brain appeared normal except for the region of 
centers where the brain was firmly attached to the dura by a mass «f pace! u >. ■ 

granulations. In front of this restricted area xvhich 

fhe eroded bone in the roentgenogram, the pacchionian granulation- and at 
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found to be densely attached to the brain tissue by pacchionian granu- 
lations which were absent botli in front of and behind the affected area. 
Moreover, after the fibrous attachments had been separated the under- 
lying brain tissue was distinctly soft (fig. 11). 'J'he palpating finger 
sank into this part of the brain to a greater depth than elsewhere. There 
was, therefore, a localized softening of the brain immediately beneath 
a localized vascular bed in the dura, and a localized erosion of the inner 
table and bulging of the outer table of the skull direct!}' over the same 
lesion. It was not difficult to believe that any lesion which could 
produce such striking changes in the bone could also damage the brain 
and thereby cause epilepsy. Moreover, its location directly in the pre- 
rolandic leg and arm centers suggc.sts the correlation of the pathologic 
and clinical data. 

In excising this vascular <lur.-il mass, which bled ‘freely because the 
dura was thinned and att.’ichcd to the bone, it could be seen that it was 
fed by several channels from the longitudinal sinus, and that it did not 
have a single wide communication with the sinus. There was no arterial 
communiention with the middle meningeal artery, although the bleeding 
was so severe as to make one wonder if it might not be an arteriovenous 
aneurysm. It is also worthy of note that the rolandic vein does not 
enter into this vascular bed in the dura; it passes into the longitudinal 
sinus, immediately posterior to it. 

This patient had only two attacks during the year following the 
operation and none in the next six years. The capricious results 
following any form of treatment in cases of epilepsy make any claims 
hazardous. Moreover, even though the venous aneurysm is removed, 
the cerebral defect remains and is in itself always a potential source 
of convulsions. It is, of course, always advisable to remove the primary 
cause even if the secondary cerebral defect cannot be altered. The 
attacks will improve even if the patient cannot be cured. 

In the two other cases (9 and 10) which I have classified under 
this group, the clinical and pathologic observations were sudi exact 
duplicates of those in the case just described that additional comment 
is not necessary. Since the operation in these cases has been performed 
only during the three months prior to the time this paper was written, 
too little time has elapsed to consider the results. All patients have made 
uneventful recoveries after removal of the lesion. 

There is perhaps reason to deny the existence of this lesion. X-ray 
examinations of the skull frequently show in this location a degree of 
rarefaction which must be looked on as a normal observation — ^usually 
it is rnUpft a venous lake. But in the cases here described, the normal 
x-ray changes are exaggerated. Where the normal changes end and ffie 
pathologic begin must vary in different persons. In fact, in the case 
just described (case 8), a .«!eemingly identical lesion, and of the same 
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~ aneurysms from the JougittuUnal sinus was 

cedbfwsrC^s^W^nd nS^^The craniotomy was performed as in the pre- 

as iJLTlt i 1 u iu ^ "■“* ® »-es‘"‘«cd area about 

♦ 11 ft ^ ®®’”® venous lakes bled freely and had to be con 

T1.0 aura WI« polled m«i,l|y. The ,^.S 
ai^ of pacchionian granulations was separated from dense opaque Icptomcninccs 
The sanae softened zone of brain was immediately beneath. Elscwhcrc^pacdiioifian 
granulations could not be seen. A fascial transplant was used to replace the dur.i 
which was excised and carefully sutured close to the longitudinal sinus. 

The postoperative course was uneventful. 

Case 10.— Venous Aneurysm from the Longihidmal Sinus. 

A well nourished boy, apparently normal mentally and physically, c.vccpl for 
convulsions which began in the right leg, gave a past history which was negaih-e 



Fig. 10. — ^The venous bed connected with the longitudinal sinus. This vascular 
mass caused both erosion of the skull and indentation of and consequent injury to 
the brain. 


except that glands of the neck had been remoi'cd eight years before the present 
examination. There was no history of epilepsy on cither side of the family. 

The convulsions began three years before admission to the hospital, when he 
was 11 years of age. There was no antecedent history of trauma or illness which 
seemed to have any bearing on the onset of the attacks. From the beginning the 
seizures were of jaefcsonian character always beginning in the right leg, and almost 
simultaneously, but a trifle later, in the right arm. Frequentlj, a numbness o 
the right leg and at times of the right arm was an aura. residual weakness of 
the right leg and less of the atm followed the attack and persisted for several 
minutes. The convulsions lasted from one to two minutes, were clonic and hec^e 
general as consciousness was lost. He had never bitten the tongue or lost sp im cr 
control. There xvas usually sufficient warning to allo>v him to sit do«-n before 
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nicnts to tlic dura were absent. Tlie lesion was strikingly localized. The bone 
was then rongciired away over the alTcctcd area. 'J'hc skull became progressively 
thinner as the longitudinal sinus was approached, where it was about 3 mm. 
thick. 1 he denuded dura hleil furiously from several perforations of the dura 
which was closely attached to the area of eroded bone. These venous channels 
were not 0 )ntinunus with the veins which cross from the cerebral hemisphere 
and are en route to the longitudinal sinus. Rather they were o(f-shoots from the 
longitudinal sinus, and seemed to comimniiG*tte with a common vascular bed, for it 
was necessary to ligate all the channels as they entered the longitudinal sinus 
before the bleeding in the dural vascular bed could be controlled. The rolandic 
vein passed just posterior to the venous aneurysm to enter the longitudinal sinus. 
It was not injured. The other interesting feature of the lesion was the firm and 
flense attachment of the aneurysm to the brain by pacchionian granulations. 
These had to he severetl with a knife or scissors. Contiguous to this local area 
both anteriorly and posteriorly, these attachments were entirely absent. The Icpto- 
meninges were greatly thickened and opaque for some distance beyond the 
aneurysm and the brain was distinctly softer than the surrounding normal brain. 
Snell ohservatinns make it diflieult to believe that pacchionian granulations are 
other than protective formations against the pressure of large venous channels. 
In the later years of life, the pacchionian granulations develop normally along the 
rim of brain which lies along the wall of the longitudinal sinus. Doubtless the 
e.\planation of these grannlations is similarly a reaction to the trauma incident to 
the flow of blood thnnigh the longitudinal sinus. 

The entire area of dura containing the venous diverticulum was removed and 
rejilaced by a transplant of fascia lata. The dura was divided close to the longi- 
tudinal sinus by placing a series of clamps at the base and closing the dural margin 
with a series of transfi.\ion .sutures of silk. 

.As the convulsions had never primarily attacked the left side of the body, no 
attempt was made to remove the right-sided lesion, which was a duplicate of that 
removed from the left. 

The immediate postoperative recovery was uneventful. During the first year 
following operation, the patient had two attacks and has had none in the following 
six years. 

Case 9. — I'eiioiis Aiinirysin from Longiludinal Sinus. 

A highly nervous woman, aged 27, was referred because of frequent Jacksonian 
conmlsions. The family and past histories were entirely negative. One year 
before admission to the hospital, she had suddenly felt dazed for a few seconds 
fpetit mal). Several days later, she had experienced the same sensation. Two 
or three weeks later, numbness and stiffness had appeared in her right arm and 
leg in association with the dazed spells. For several seconds after an attack 
she could not speak or write, and there would be a transient weakness and numb- 
ness of the hand and leg. She had not lost consciousness in attacks at this 
time. In some attacks, the right side of the face twitched. The numb feeling 
was associated with the sensation of an electric shock passing through the right 
side of the bodj'. There had not been generalized convulsions. On one day, a few 
weeks prior to operation, the attacks had come every ten or fifteen minutes. A 
day seldom passed without the occurrence of severe attacks. Headaches were 
never present. 

The results of the physical and neurologic examinations were entirely negative. 
X-ray examination showed an area of erosion in exactly the same position as in 
the preceding cases. 
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or by the application of cold to the head. During the past year, the patient had 
several attacks of weakness and numbness of the left arm and leg, but the motor 
power was never entirely lost. 

The patient’s head has been abnormally large since childhood, but has not 
grown in tlie past fifteen years. The large head suggested a spontaneously healed 
hydrocephalus. 

The results of the physical, serologic, roentgenologic and neurologic examina' 
tions were negative. Two diagnoses were suggested: (1) a cerebellar lesion which 
might have been responsible for the old hydrocephalus and was now causing 
attacks affecting the left side of the body; (2) a neurosis. The patient was very 
introspective, and had always feared paralysis. 

Operation . — A cerebellar exploration was made after ventricular estimation liad 
shown large ventricles. An enormous occipital dural sinus 2.5 cm. in width was 



Fig. 12.--Erosion of the bone hy a venous aneurysm of the dura. 


found and ligated (fig. 13). Tlie cerebellar region was normal. The foramen o 
Magendie was as large as the circumference of a lead penal. The patient s hraci- 
aches persist unchanged five years after the operation. The occipital sinus 
fore had no bearing on the causation of the headache. 


ANGIOJtAS 

Ltischka flS54), who described the first angioma of the brain, 
two .jTtos: (1) those orisiog hy 
. small portion of the emhrj-onic capillary rasoilar s^tem, . 
mmor” formadon from r-asc«lar tissue. H.s ra» ^ 
type~a true tumor. The first tjiie corrc.sponi!? to the xa.cii 

or telangiectases of the skin. 
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the nllack cniitc oh. The attacks became more freQucnl, averagings about two a 
moniii. Most of iJie convulsions occurred just after wakening in the morning. 

1 he results of the plo'sical and neurologic c.vaminations were entirely negative. 
There was no objective weakness of the right arm and leg. The roentgenogram 
showed a marked thinning of the inner table of the skull along the midsaggittal 
line and about midway between the nasion and inion (fig. 12). The area of erosion 
was about 3 cm. long. There was a slight bulging of the outer table over this 
region. 

The comhination of this erosion of the .skull and the focal attacks beginning in 
the leg suggested that the probable lesion was a venous aneurysm — diverticulum of 
the longitudinal sinus. 



Fig. 11. — Sketch made at operation to show the effect of the dural venous 
aneurysm on the brain. The under surface of the dura is attached to the brain 
by a mass of pacchionian granulations. 


Operation . — Precisely the same operation was performed and the same observa- 
tions were disclosed as in the first case of this group. 

The immediate postoperative recovery wa? uneventful. The operation was 
performed only a month before this paper was written. 

Case 11. — Abnormality of Occipital Sintfs. 

A well nourished man, aged 34, was referred by Dr. W. S. Thayer because 
of headaches in the occipital region. Throughout boyhood, the patient had had 
periodical headaches, always localized to the back of the head, at times radiating 
to the eyes. The headaches had increased with age. They were always intensified 
by work or exercise, and improved when the patient was in a recumbent position 
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1 *'”^ on angiomas of the brain, I did not see am- 
reference ta similar observations, unless the case of D’Arcy Power is 

0 IS type. From the brief note and the accompanying sketch this 
appears unlikely; more probably the tumor in Power’s case wm an 
arteriovenous aneurysm. 

There seems to be no reason why a venous plexus should occur 
in the spinal cord and not in the brain. In the present series of 
angiomas of the brain, there are four examples of this lesion. A 
remarkable example of bilaterally symmetrical venous plexuses in the 
sylvian fossae is shown in case 7 (figs. 7, 8 and 9), reported under 
venous anomalies. In addition, there are several smaller circumscribed 
plexuses over both cerebral hemispheres. This patient was only 2^ 
years old, and since the vascular lesions were accompanied b}' other 
congenital cerebral defects, it is fair to conclude that the angiomas were 
of congenital origpn also. Cases 2 and 6 (figs. 2 and 6) of the venous 
anomalies are also examples of this lesion, although in case 2 the form 
was perhaps less pure, since numerous large veins ran into the plexus, 
making it less sharply defined. These three cases show how insensibly 
venous anomalies and venous angiomas of this type blend into each other. 
In a final analysis they are probably identical. 

A fourth example (case 12, fig. 14) of this lesion is presented with 
reservations, since the entire extent of the lesion was not seen. Although 
the tumor displayed the exact gross appearance of an angioma of the 
venous plexus type, it is not impossible that an underlying solid tumor 
may have been beyond operative exposure. Although solid tumors may 
cause a plexiform assembly of veins, it seems incredible that one so 
extensive could arise from this source. At the time of the operation, an 
extensive exposure was made in search of a solid growth. Tliis patient 
was the only one of the series who was an adult. His symptoms were 
those of a slowly growing tumor in the hypophyseal region. The sella 
turcica was destroyed; there was at first bitemporal hemianopsia and 
later primary atrophy of one optic nerve with retention of vision only in 
the nasal half of the other eye. There was also, in addition, pain in 
the trigeminal domain on both sides, probably explainable by the over- 
flow of the angioma laterally. In retrospect, it is difficult to see how 
the character of the lesion could have been determined from signs and 
symptoms. One should still have had to be content with the pre- 

operative diagnosis of a hypophyseal tumor. 

There has not been any occasion to remove a venous plexus of the 
brain. In one patient (case 7), it appeared to have no bearing on tlie 
hydrocephalus, for whicli relief was sought. Should one be more favor- 
ably situated over the cerebral cortex and at the same time be more 
circumscribed, it should not be difficult to remove. I have remm* 
completelv four of these from the dorsal side of the spinal cord, wi 
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Before Liischka's reiwnl, tumors of both types were well known 
elsewhere in the body, and because of their cavernous structure Rokitan- 
sky referred to them as '•cavernous angiomas,” a name by which they 
have since been known. It is questionable whether this classification 
is pertinent at the i)resent time. 'J'hcre is, it is true, the type in which 
there is little connective tissue between the vascular spaces, and another 
type in which the coimective tissue predominates and the vascular spaces 
arc of microscopic size; but there seems little, if any, fundamental 
tlifi’crencc hetween the two tyiies. Certainly both types grow like 
tumors. Whether one arises dc novo and the other is always of con- 
genital origin has not been proved. At the present time it seems prefer- 


Fig. 13 (case 11). — Operative .sketch of an occipital sinus of tremendous size. It 
is a congenital venous anomaly. 

able to avoid classification based on conceptions of origin and to group 
them all as cavernous angiomas. When the stroma is in abundance 
and the vascular spaces microscopic, this type of angioma is frequently 
known as hemangiomendothelioma or perithelioma. In addition to 
cavernous angiomas, there is another type which should be added — 
venous plexus or angioma plexi forme. 

ANGIOMA PLEXIFORME 

A lesion of this cliaracter has been described among tumors of the 
spinal cord, where they are not uncommon. In a series of seventy-five 
tumors of the spinal cord, I had four angiomas of this character. In 
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only one death, which occurred several days later from meningitis. 
Although the hemorrhage might at first api>ear to be a formidable danger, 
there is actually little to be feared. The loops of veins are bound 
loosely with arachnoid connective tissue, and when carefully separated, 
the whole network of venous loops becomes disengaged, much like a 
skein of yarn, and becomes resolved into two or three long veins which 
communicate with each other and wth other veins on the surface of 
the cord. In the case which came to necropsy, {he venous channels had 
entered into the spinal cord. The venous spaces within the spinal cord 
occupied a considcrahlc volume of the cord and probably accounted for 
the symptoms more than <Hd the great plexus of vessels on the surface. 

KEPOKT OK C.\SE.S OF ANOIOMA PLEXIFORME 

Case 12 . — Angioma PIf.vifonnc. 

physician, aged 44, was referred In* Dr. Carl Henning of Washington wth 
(he diagnosis of a hypophyseal tumor. His chief complaints were continuous 
ocular neuralgia and bitemporal heintanopsia. He bad always had hcadaclics. 
Due to scx'crc paroxysms of pain in the eyes, he had became a morphine addict, 
finally taking from 10 to 12 grains (0.65 to 0.78 Gm.) a day. The addiction to 
morphine dated luck $i.x years, when the pains had become unbearable. Only 
through the use of this drug was lie able to keep at his work. The pain first began 
in the right eye and often radiated to the cheek and teeth on the right side. Two 
}*cars before admission to (he hospital, diplopia had appeared and had been present 
at varying intervals until this report was written. At that time, an x~ray examina- 
tion showed erosion of (he posterior cHnoid processes. Two years before, pains of 
the same diameter had extended to the left eye, face and teeth. A bilateral 
temporal hemianopsia had then been found by Dr. Henning. Teeth on both sides 
had been extracted, at {latieiu's insistence, in an effort to get relief from the pain. 
Eighteen months before, a subtemporal decompression had been performed else- 
where, but without appreciable benefit. 

Neurologic examination revealed tlic following: 1. A bitemporal hemianopsia 
was noted which was not sharply demarcated, there being some slight vision in the 
temporal fields near the center. The visual acuity was greatly reduced, more in 
the right eye, with which fingers could not be counted at a distance of 20 cm. 
2. There was the characteristic pallor of primary atrophy in the temporal side of 
both disks. The nasal margin of each disk was hazy. The retinal veins were 
moderately engorged and tortuous. 3. There was complete destruction of the 
posterior clinoid processes (x-ray examination); the sella turcica was deep. 
Otherwise, the results of the examination were negative. There was no objective, 
sensory or motor disturbance referable to either trigeminal nerve. The Wasser- 
mann reaction of the blood was negative. 

Operation.— In March, 1922, an anterior right craniotomy was performed for 
exploration of the hypophyseal region. A bluish tumor protruded anteriorly 
between the optic nerves (fig. 14). When the arachnoid membrane was opened 
and the cerebrospinal fluid allowed to escape, the tumor was seen to be a mass 
of entwined veins, each about as large as a slate pencil. Pulsation could not be 
observed. There was no evidence of arterial blood such as one sees through the 
wall of distended veins in an arteriovenous aneurysm. Treatment of the lesion 
being hopeless, the wound was closed. The patient died thirty-six hours after 
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angioma. Moreover, even with a hematoxylin eosin stain, the reticulated 
stroma of a ghoma has little resemblance to that of an angioma. 

Lindau’s intensiTC study demonstrates anew the fact that when sup- 
posedly rare lesions are better known they are frequently found to be 
common. All seven of my cases of intracystic angiomas were in 
the cerebellum. As indicated in the accompanying sketches, the solid 
tumors were located at divergent parts of the atoU of the wst. All 
have reached the surface of the cerebellum and have been in contact with 
tlie pial vessels, but whether this is significant in their origin, I am 
not prepared to suggest. 

CHmeal jFeo/wrcj.— There is notliing characteristic about the signs 
and symptoms produced by angiomatous cysts. Other tj'pcs of cysts 
in the same position and of tlie same size give identically the same dis- 
turbances. All produce intracram'al pressure, usually but not invariably 
evidenced by headache, nausea, vomiting and papilledema; thej* there- 
fore compromise life. In most instances they also induce symptoms 
of localization, but this is not always true. If the cyst occupies a silent 
area of the cerebral hemisphere, localizing symptoms will be absent until 
it has grown alongside cerebral tracts with function — ^si^ccch, motor, 
sensory, visual, uncinate, etc. All of the cases of cerebellar cysts col- 
lected from the literature showed outspoken so-called cerebellar dis- 
turbances — ^staggering gait, often Avith the tendency to swerve to one 
side, positiA'e Romberg sign, and often nystagmus, ataxia, .adiadoko- 
kinesis, stiffness of the neck and dizziness. One of my patients did 
not have any S3'mptoms or signs of localizing import. Anotlicr had 


symptoms Avhich were suggestwe, but not positive. In these cases, 
ventriculography and A'cntricular estimation made the location absolute. 

Clonic coiiA’ulsions probably ncA'er occur Avith cerebellar cysts, but 
frequently Avith cerebral cysts. ConA'ulsions resulting from cerebral 
cysts are often of focal character and may liave the jacksonian char- 
acteristics. In the cerebral cases reported, in those of Schweyer, Brans 
and Baum the patients had jacksonian seizures; Bielschou'sky’s patient 
alone did not haA'e conA’ulsions. None of the tAventy-four cerebellar 
C 5 'sts produced clonic conA'ulsions. On the other hand, tonic spasms 
may occur in the late stages of cerebellar cysts. Such attacks are, in 
fact, characteristic of a tumor in the posterior cranial fossa ; they result 
from compression of the motor tracts in the brain stem. Thi.s phenome- 
non Avas seen in cases 14 and 15. NcAvmark’s patient had momentary 


losses of consciousness AAithout coimilsions. 

Although a genuine hemiplegia or hemianesthesia is usually referable 
to lesions of the cerebral hemisphere, a few of the cerebellar ang«omatoii.« 
cy'sts induced paralyses, though usually in transient attacks. One o 
Lindau's patients tad attacks in which both legs were If 
lost the use of the left ami and leg at times. Two of my patitnl.- ■ 
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found to cause the relatively enormous cyst. In the gross appearance, 
the intracystic angiomas are usually mistaken for gliomas. A careful 
gross inspection will usually make the differential diagnosis. An 
angioma is fibrous and acellular and the larger tumors are usually com- 
pressible and spongclikc. In the fixed specimen, the tumor has changed 
from reddish brown to black, because of the old fixed blood in the tumor. 
A glioma is softer, more cellular and consequently more friable. Cells 
of the latter easily scrape off on the edge of a scalpel. It is noncom- 
pressible and its color a more uniform brown in the fresh specimen and 
a less intense brown or black when fixed. The content of cysts, whether 
of angiomatous or of gliomatous origin, is apparently the same. In 
either tyiie, the fluid is clear lemon or orange yellow and a white 
co<igulum is present at the bottom of the cyst. The reason for the cyst 
formation in these tumors is not known. 

In an intensive study of cysts of the cerebellum, Lindau assembled 
fifteen cases, including a case reported previously by Schloffer, and 
another hy Friedrich and Stichler. This number is many more than 
the combined total number of all the cases, both cerebral and cerebellar, 
in the literature. 

Other cases of angiomatous cysts were reported by Luzzatto, 
Bielschowsky, Baum, Bruns, Koch, Newmark and Schweyer. Four of 
these (Bielschowsky, Baum, Bruns and Schweyer) were in the cerebral 
hemispheres; two in the cerebellum and one (Luzzatto) in the brain 
stem. Koch’s patient had bilateral angiomas. In Newmark’s case, the 
tumor was in the meninges and the cyst was extracerebellar. Including 
my seven cases, there liave now been reported twenty-nine cases of 
angiomatous cysts, twenty-four cerebellar, four cerebral, and one in the 
brain stem. 

It is of interest to note that Lindau found angiomatous cysts to be 
almost twice as frequent as those of gliomatous oripn. He doubtless 
refers to the large cysts with small single intracystic papilloma. Lindau’s 
statements are supported by careful histologic studies with differential 
stains to detect glia fibers. From operative experience, the histologic 
evidence indicates the angiomatous and gliomatous cysts to be about 
equally divided. However, there are three cases diagnosed gliomatous 
cysts which I feel confident, because of the gross description in the 
operative notes, are angiomatous cysts; the sections have been lost. If 
these are really angiomatous cysts, the results would be similar to those 
of Lindau. On a restudy of the histologic material, it is surprising to 
find how many tumors have preA’iously been diagnosed gliomas when 
they are sharply defined angiomas. There are many exceedingly vas- 
cular gliomas which in the gross or microscopic examinations might be 
mistaken for angiomas, but a careful study of the vascular spaces of 
a glioma show well defined vascular coats which are absent in the 
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absence of profound disturbances of a primary lesion of the brain stem 
a cyst, angiomatous or gliomatous, should be suspected. 

Treatment of Patients with Angiomatous Cyj/j.— Angiomatous cj-sts 
are usually among the easiest and safest intracranial lesions to cxtirfwjtc. 
Extirpation of the little tumor embedded in the wall of the cyst is suffi- 
cient. The extirpation must be done painstakingly, and a good margin 
of tissue must be included with the angioma. The danger is minimal 
when the tumor is small and situated near the surface. It increases 
somewhat when the tumor is larger and is located far forward o\-er the 
midbrain. The larger tumors are usually vascular and for this reason 
offer difficulties in removal. A most important factor in the safety of 
the operation lies in the early diagnosis. In the late stages, the subten- 
torial pressure is so high that the dura cannot be safely opened because 
the cerebellum rvill herniate througli the dural defect and rupture. 
Puncture of a lateral ventricle will relieve the supratentorial pressure, 
but not enough to prevent injury to the cerebellum. Puncture of a 
cerebellar lobe with a hollow, blunt needle will eliminate this hazard when 
a <yst is reached. 

It is hardly necessar}' to add that as methods of treatment in an 
effort to cure tapping or completely evacuating a cj'st by a transcortical 
incision, or treatment of the tumor by Zenker’s solution or some other 
fixative are perfectly futile. They are inexcusable, for they liavc left 
uncured a lesion which can be so easily removed and permanently cured. 

The operative efforts reported in the cases compiled from the litera- 
ture have not been numerous. The first extirpation of a tumor of this 
type was performed by Bruns in 1897, but his patient died of meningitis. 
Baum’s (1911) patient was in coma at the time of the operation, recov- 
ered, and died a year later of pneumonia. Schloffer's (1926) patient 
recovered after an extensive resection of a cerebellar hemisphere. One 


of my patients died nearly ten years ago, without exposure of the tumor. 
At that time there was no means of locating the tumor (she was in deep 
coma at the time) and the then routine subtemporal decompression was 
performed, of course, without relief. From careful inspection of the 
autopsy specimen, it is doubtful whether at that time the cyst could 
have been found for there was no surface evidence of its presence when 
the brain ^vas removed. Tlie tumor was 4 cm. beneath the surfaa o 
the cerebellum. I have also wondered whether the solid part of the 
tumor would have been detected had it been possible to locate and open 
the cyst. At the present time, however, the methods of accurate loca f- 
zation of tumors would make the disclosure of the cyst possible rein - 
less of its depth. The five patients on whom the extinwtion or 
tumor in the wall of the cyst has been performed have made 
and complete recoveries and are now living and well. TIm^* arc w 
any signs of recurrence of the tumor. One piircnt is well sc^e« 
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attacks of iiain ami numbness in one side of the body (cases 13 and 18) . 
One of Lindau’s iiatienls and one of mine had trigeminal pain; in both 
instances the ccrchcUar cysts were unilateral. Luzzatto’s case of a cyst 
in the medulla gave sympltims suggesting syringomyelia, and in its gross 
api^earance the cystic cavity was like that found in syringomyelia. 
Recently several cases <»f .syringomyelia with cysts of the spinal cord 
have been reported in which tiny angiomas have been secreted in the 
walls of the cy.sts. 

The reflexes are altered according to the relationship of the tumor to 
and the degree of injury of the motor tracts. Among the cerebellar 
cv.‘;is. reflex changes arc usually not great, though not infrequently ankle 
clonus, a positive llabinksi reflex and increased deep reflexes are present 
on one or both *.ijles— constantly or transiently. The corneal reflex is 
freiiucntly climinishcfl and at times .absent on the side of the unilateral 
tumor and <ni both sides from a midline tumor of the cerebellum. 

The age :U which .symptoms fir.si appear is essentially the age of 
greatest frcJiuency of tumors of the brain in general, i.e., between the 
ages of 2 ? ami .'^O. 

1*he lime os the initial symptoms in eighteen cases of cerebellar 
angiomatous c\-t> is as follows: Ijetwecn the ages of 20 and 30, three 
eases; between .'0 and -10. nine cases; between 40 and 50, four cases; 


between 50 ami * »' K two cases. 

In half of .all the cases, symptoms first appeared in the third decade. 
The voungesi p-itient was 21, the oldest, 52 years. 

The «lur-itiMi of sMuptoms before death or operation is surprisingly 
di..n in nioM ease.s of cerebellar cysts. In six, the symptoms 
ind been nre*e..t less than six months; in four, less than one year or 
m..re than six u-. .mbs : in four, two years or less ; and in one each, three, 

(.»r five a. 1.1 .iefit I” 

ton, tut . jm] j j concerning the duration 

f iiitv I wo cerebral angiomatous msrs nave uai,a ® , 

Onlj ccr " ^ patient had symptoms for fourteen months 

anil .'^chweyer - mr i"C 'C comparatively insignificant tumor, 

symptoms is «le. . not to tn relatively great rapidity, 

but to the grio\ ih ot the c> females. From the 

Four of m\ i«iicnis vcre j^ales, fifteen to eleven. The fre- 
cascs in the literature there ar 


cases in the literature 

qiiency is prob:ibly not i symptoms, it appears possible to 

Bv using this of an angiomatous cyst— an absolute 

make at least a a cerebellar tumor appearing in a 

diagnosis seems impossible. symptoms rapidly progressive 

patient between the ages jn them from time to time and tb 

(less than one year) uit' 



742 


ARCHIVES OF SURGERY 


One month before admission to the hospital, licr vision suddenly Iiad become 
blurred and since that time she had been blind. Attacks of nausea and vomiting 
had been present for the past three months. It is of interest that two years ago 
an ovarian tumor, said to be a carcinoma, had been removed by Dr. Tcrty in San 
Frandsco. 

Neurologic examination elicited the following posithx observations : 1. There 
were tremendous bilateral choked disk (6 diopters) ; cadi nerve head was covered 
with dozens of hemorrhages. Much of the contiguous retina was also obscured 
by the hemorrhages. 2. The patient could not sec fingers with citlicr eye. 3. She 
showed a positiTO Romberg .sign and fell to the right. 4. Staggering gait and 



Fig. 15 (case 13).— The operative observations in an angiomatous cyst. The 
solid tumor was situated directly over the midbram. 


5 Hyperactive but symmetrical reflexes were present. The '' j ‘ * 

of tireS was negative. X-ray examination of the head was negatne. A 

metastatic tumor was suspected. ventricles 

Ventricular estimation (at time of o^ranon) ,mi). TI« 

we larsc and communicated freely trith ra* otter (md.BO carmme 
pressure of the ventricular fluid was very high. 

-On Jan. 6. 1923, eeretellar 

cj-st was stmek uith a hollow L» the cjft. wlikh 
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after operation (April 13, 1921). At the time of the operation,' he 
was in deep coma. The operation was performed only after the tumor 
was localized by ventriculography. Another patient is well after five 
years. Her vision, which was lost due to retinal hemorrhages caused 
by the intracranial pressure, has returned to normal. Another patient 
who was nearly comatose quickly became conscious after operation (six- 
teen months ago). 

The seventh patient died en route to the hospital, though in good 
condition when he left home. The sudden development of coma, and 
the comparatively short duration of the intracranial signs and symptoms, 
make an early diagnosis of paramount importance, if cures are to be 
obtained. Often warning is not given that death impends. 

The only safe way to relieve intracranial pressure due to a cerebellar 
cyst is to evacuate the C 3 ’st. The relief is then prompt and complete 
for the lime being; it becomes permanent when the tumor — ^the cause 
of the cyst — is removed. The evacuation of the cyst relieves not only 
the direct pressure on the brain stem, but also the hydrocephalus. Relief 
of the latter is almost as important as the former, for the hydrocephalic 
ventricles gradually push the tentorium backward and exert great pres- 
sure on the structures — including the medulla — ^in the posterior cranial 
fossa. A subtemporal decompression does not effect relief in the slight- 
est degree. A subtentorial decompression may or may not effect tem- 
porary relief depending on whether the tumor can be lifted from the 
foramina of Luschka. The only safe and certain attack therefore is 
to open the C 3 'st and extirpate the tumor. This same principle of relief 
b 3 ' the direct operative attack on tumors holds true for all intracranial 
neoplasms. There could not be better proof of this statement than the 
prompt recovery from coma after removal of the cause of the intra- 
cranial pressure in the foregoing cases. 

REPORT OF CASES OF CYST WITH ANGIOMA IN THE WALL 

Case 13. — Angiomatous Cyst. 

A well nourished woman, aged 32, blind and unable to stand, was referred by 
Dr. George Price of Spokane, 'Wash. Her symptoms dated back only seven 
months, when she had noticed stablike pains in both eyes which had lasted only a 
few seconds and had disappeared when she lay down. There was also some head- 
ache in the frontal region and sides of the head. They had become more severe and 
more persistent ; for the two months prior to operation they were constant. 

Sudden fainting spells, lasting from ten to fifteen minutes, and without loss of 
consciousness, had occurred nearly once a week for the past five months before 
operation. She felt dizzy during these spells ; her “thoughts were paralyzed” and 
“everything seemed to rush to the head” and she would fall to the floor. Stagger- 
ing gait had been present two months ; she swayed from side to side and had a 
tendency to bear to the right. She had had occasional attacks of numbness of the 
right arm and leg, and the neck had been rigid. 
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tonsil whidi had herniated into the- foramen mapuiin. It was neccssarv to 
* m order to rrach the tumor and permit its extirpation. ‘tIic 

tumor \ras excised with a zone of norma! cerebellar tissue on all sides. Histolori- 
cally, the tumor was a t 3 ^ 2 cal cavenious angioma. 

The patient made a complete recoverj* and is now well. There arc no residual 
cerebellar symptoms. 

Case 15.— /4»p/o»ia/oiu Cyst. 

"o«"shed woman, aged 44, entered the hospital hi coma, in October, 
1918. For two months she had complained of dizziness after exertion, and some 
suboccipital headaches associated with vomiting nearly every daj’. At first, when 
perfectly quiet she had been comparatively free from both headache and dizziness, 
but gradually the headaches had become much more intense and were not affected 
Iqr resting. She staggered like a drunken person and had shaking of both hands 
(but more the right), so that at times she was scarcely able to lift the cup to her 
mouth. She had several attacks in which her whole body became rigid like a board, 
but consciousness was not lost nor were dierc any clonic convulsive niovcaieals, 
A month prior to operation, she had had periods of mental cloudiness, some hal- 
lucinations and had been disoriented. Later she had alternately laughed and cried 
and had ceased to take interest in her surroundings. 

The physical and neurologic examination showed the following: 

A coarse tremor of the right hand and arm was frequently obsen-cd. The 
veins of the forehead and eyelids were very full. The eyegrounds showed fulness 
of the veins and a beginning bilateral papilledema. The Babinski reflex was 
positive on both sides; the corneal reflex and knee jerks were normal, and ankle 
clonus was not noted. 

At the time this patient was seen, the stereotyped treatment for such patients 
was a subtemporal decompression— now knowi to be useless. Through the opera- 
tive defect a large lateral ventricle was tapped, reducing the supratentorial pressure 
to normal. She died twenty-four hours after the operation. 

When the brain was examined at necropsy, evidence of the tumor u'as not 
found on the surface of the brain. Section of the cerebellum, at a later date, 
showed a cyst about 3 by 3 cm. in diameter. At first evidence of a solid tumor 
was not present, but later a small circular thickened area about 3 mm. in diameter 
was detected. Microscopic examination of this area showed a typical angioma. 

Case 16 . — Angiomatous Cyst. 

A young engineer, aged 28, was seen, in consultation with Drs. Julius and 
Hariy Friedenwald of Baltimore, at another hospital on April 13, 1921. He was 
then comatose despite a subtemporal decompression which had been performed 
two weeks before. 

The following history was obtained from Dr. Friedenwald: The symptom of 
onset was an attack of headache, lasting three or four hours, and beginning six 
months before admission to the hospital. At first, the attack recurred amut 
e\'ery ten days, but for the three months before admission they had been con- 
tinuous and frequently associated with nausea and vomiting. For three montlis 
he had been troubled with dizziness and staggering gait. The dizziness was alwa>. 
worse when he was lying on the right side. Diplopia had been present at times 

for three or four months. 

The results of the neurologic examination were negative, except for a )iia«^ 
papilledema of high grade. The decomprcs.sion in the right subtemporal r 

was full and tight. 

Operalion.-On April 13. 1921, an injection of air was m.-idc: ^orink 

localized to the posterior cranial fossa, and a cerebellar operation was pcriortnei. 
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was removed. A small, rounded, firm papilloma about the size of a hazelnut 
projected from the wall of the cyst at its anteriormost part and lay just under 
the great vein of Galen. Its removal was attended by such profuse bleeding that 
its angiomatous character was at once apparent. Though its base was only about 
0.75 bj' 0.75 cm., everj' attempt to dissect it free was followed by a brisk hemor- 
rhage. After it was removed the bleeding surface was temporarily packed with 
moist cotton under pressure, and later the use of silver clips completely stopped 
the bleeding. The unopened fourth ventricle bulged into the floor of the cyst. 

Microscopic examination showed that the tumor was made up of endothelial 
lined, blood-containing spaces of varying size. Abundant connective tissue inter- 
posed between the vascular sinuses was the only other feature of the tumor. 

The patient made an uneventful recoverj'. Five years later, she was well; her 
vision had returned; her gait was unaffected, and she was able to do her own 
housework. 

Case 14. — Augioinalous Cyst. 

A poorly nourished woman, aged 36, was referred by Dr. F. H. Kliefoth, of 
Schertz, Tex., on Feb. 20, 1928. Six months before, suboccipital headaches had 
first appeared with nausea and vomiting. Dizziness and staggering gait, dimness 



Fig. 16 (case 14). — Small mass of cerebellar tissue removed with the angioma. 
The light part of the picture is cerebellar tissue; the dark area is the angioma. 

of vision and diplopia had soon developed and had increased. Later, the patient 
had been subject to "nervous spells” in which numbness extended upward from 
the fingers and toes of both sides. During these spells, which lasted from twenty 
to thirty minutes, the arms were flexed, the legs extended and she was unable to 
move. Until the attack passed, she was unable to speal^ altliough she was 
conscious. 

Examina tion showed an extremely ill woman. She was drowsy in spite of the 
severe headaches to which she had been subject. It was evident that she was 
bordering on coma. 

The Romberg sign was positive; she promptly fell to the left; ataxia and 
adiadokokinesia were positive on the left; there was lateral nystagmus. High 
grade papilledema of both eyegrounds was observed. 

Operation.— Tho diagnosis of a cerebellar tumor was confirmed by ventricular 
estimation, and a bilateral cerebellar exploration made. A cyst of the left cerebellar 
lobe was found and evacuated (fig. 16). The cyst was about as large as a walnut, 
and contained clear orange-yellow fluid. The fourth ventricle bulged into the 
mesial side of the cyst. A small smooth reddish-brown tumor, about as large as a 
split pea, could be seen in the ^vall of the cyst; it was located in the left cerebellar 
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abrupt vertical line was readied 2 cm. back of the aqueduct (fig. 17). This line 
marked the anteriormost part of the tumor. 

Operation. On Nov. 2, 1927, a bilateral cerebellar exposure was mndc. The 
bone was exceedingly bloody, despite the release of pressure by a ventricular 
puncture. The dura was still so tight that it seemed unsafe to expose the cere* 
bellum. Puncture of tlie left and right cerebdlar lobes yielded nothing; on punc- 
turing the vermis, a yellow fluid spurted. With the dural tension rclicred, the 
dura was evacuated. A colorless, gelatinous dot was pulled out of tlie bottom 
of the cyst The outer surface of the cyst contained only meninges, the cortex 
having been entirely atrophied. The cerebellar tonsils were herniated far into 
the spinal canal. After the cyst was evacuated, the tonsils could readily be with- 



Fig. 17 (case 18 ) .—Ventriculogram showing the localwalion of an angiomatous 
cyst which did not give signs or symptoms by which its position could t ' 

The wide aqueduct of Sylvius and the anterior part of the fourti . 

between the two sets of arrows. The tumor produced an abrupt ending of 

ventricular shadow. 

drawn from their incarceiatcd position; as they were Tl«,v 

a cluster of little yellowish cystic nodules much hkc a ^iie 

occurred as much in one tonsil as m the other. ^ „tc‘ior port of the 

meninges. The fourth ventricle bulged mto the ^ Lcoarabfe front the 

9 Gm. 
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A large cyst of the left lobe was first tapped, then evacuated through a trans- 
cortical incision. Clear, yellowish fluid escaped from the cyst. On the posterior 
lateral wall of the cyst was a smooth, reddish-brown solid tumor about as large 
as a pea. It reached the surface of the cerebellum. The solid tumor wa's removed 
with a zone of normal cerebellar tissue. 

Eecoverj' was prompt and complete. The patient has since carried on his 
occupation and has remained entirely well. 

Case 17. — Angiomatous Cyst. 

A poorly nourished man, aged 35, was referred with the diagnosis of a tumor 
of the brain on June 3, 1924. His symptoms dated back only three months, when 
he had suddenly been seized with a severe occipital headache, dizziness and vomit- 
ing. The attack had lasted two days. Similar attacks had recurred with increas- 
ing frequency. Three weeks after the onset of his illness, staggering gait had 
de\’eloped. Vomiting had become so intense that he lost 30 pounds (13.6 Kg.) 
in weight. Occasionally, there had been roaring in the right ear. From time to 
time, dark spots had appeared before the eyes, and for six weeks before operation 
his vision had been blurred. He had been bedfast for four weeks fearful of turn- 
ing his head because of the certainty of precipitating dizziness. Diplopia had not 
been present. 

Neurologic Examination. — ^The patient could only see enough to count fingers. 
There was a marked papilledema of both optic nerves. Many hemorrhages 
obscured the region of the disks. There was a positive Romberg sign, with 
tendency to fall to the left and baclavard; retropulsion, unsteady gait, cervical 
rigidity and ataxia were present. The reflexes were normal. A Babinski reflex 
or ankle clonus was not noted. 

Operation. — On June 4, 1924, ventricular estimation showed marked hydro- 
cephalus, with free communication between the lateral ventricles — ^indigo carmine 
passed quickly from one ventricle to the other. 

Because of the patient’s poor physical condition, the operation was performed 
under local anesthesia. A large cerebellar (^st was tapped in the left lobe; clear 
lemon-yellow fluid escaped. A smooth, reddish tumor, as large as a cherry, pro- 
truded slightly into the cavity of the cyst at the outer aspect near the midline. It 
also penetrated through the remaining cerebellar tissue to reach the surface. The 
tumor was easily excised with contiguous cerebellar tissue. The patient made an 
uneventful recovery, and has since been well (nearly four years) . 

Case 18. — Angiomatous Cyst. 

A large, strong man, aged 34, was referred by Dr. Malcolm Campbell, of 
Malvern, la., on Oct. 20, 1927, with the diagnosis of a tumor of the brain. His 
symptoms had begun two years before, when he had first noticed pain in and 
behind both eyes and radiating to the occipital region. Eighteen months later, 
severe occipital headaches had begun, and had persisted up to the time of opera- 
tion. During the month before operation, he had had spells of numbness and 
tingling in the right arm and leg. Dizziness, vomiting or unsteadiness of gait 
were not noted. 

The neurologic examination showed a bilateral papilledema measuring 5 diopters 
in each eye. There were no other positive neurologic observations. The Romberg 
sigfn was negative ; ataxia, or nystagmus was not noted. There were no signs by 
which the localization of the tumor could be made. 

Ventriculography showed that the lateral ventricles were much enlarged; they 
communicated freely; the third ventricle was enlarged and mesially placed ; the 
aqueduct of Sylvius was patent throughout and also the fourth ventricle until an 
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Necropsy showed a large cj'st of the left cerebellar lobe with a small flat cir- 
cunwenbed tumor embedded in the cerebellum and wall of the c.vst (%. 19). 
Microscopically, the tumor was a typical cavernous angioma. 


CAVERNOUS ANGIOMA 

Cavernous angiomas differ from the foregoing group of tumors 
principally in tlie absence of a cyst and in the larger size of the vascular 
spaces which are usually on the range of unaided vision. The five cases 
here reported differ greatly from each other in the g^oss appearance of 
the tumors. On one extreme, they seem to fuse insensibly with the 
angiomas associated with cysts, and on the other with the plexiform 
angiomas. In general, it may be added that they lack the hyperplastic 
character of the former and the gross venous make-up of the latter. 



Fig. 19 (case 19). — ^Angioma in wall of cyst of cerebellum. Some of the larger 
vascular spaces are visible. The tumor is well circumscribed but not encap- 
sulated. This patient died en route to the hospital. 


The tumor in case 20 showed a gross cavernous character, and in case 23, 
hj'perplastic stroma. It has already been noted that the angioma plcxi- 
fonne fused insensibly with the venous anomalies. It would seem there- 
fore, that other types of lesions of the venous and capillary systems 
blend with each other. Perhaps it may be preferable to subdivide the 
cavernous angiomas into two tj'pes according to the early proposal of 
Lusebka, but for the present I am inclined to disregard the differences 
and group them all together. Although many of the le.sjons of both the 
embn’onal vascular type and of the angioplastic type (the so-ca!lc<I 
tumor” of Luschka) are small and apparently dormant, others 
seemingly the same histologic and gross appearance arc undonWe^fl) 
growing. Either, therefore, may or may not act as a neoplasm. 1 ro •* 
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The postoperative course was uneventful. The patient is now well (six months 
after the operation). 

Case 19.— A man of about 40 3 'ears of age was referred by Dr. R. R. Snowden, 
of Pittsburgh, with tlie diagnosis of an unlocalized tumor of the brain. For about 
a year he had been having headaches, which had gradually increased in intensity. 



cysts: (a) case 14; (6) case 15; (f) case 16; (rf) case 17, and (e) case 18. 

For a few months prior to death they had been almost continuous. He had loss 
of vision, hiccups, projectile vomiting and inabilitj' to mamtam his balance. \Vith 
the exception of a double papilledema, Dr. Snowden did not make any positive 

observations on examination. 

The patient died en route from the station to the ospi a . 
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with hematoxylin and eosin stains, from whicli the diagnosis is easilv 
made on tlie grosser aspects of the histologic picture. 

Signs and Symptoms of Cavernous Angioma.— T\iert is a striking 
uniformity in the symptoms when wewed as a whole. Occasionally, as 
in Kufs’ patient who died at the age of 81 , symptoms were not present. 
Other patients did not show symptoms until one of the vascular spaces 
suddenly ruptured and the patient died of a cerebral hemorrhage. 
Three j^tients from the group died in tliis way. This is a far smaller 
proportion of deaths from hemorrhage tlian in the group of arterio- 
venous aneuty'sms, probabl)'' owing to the arterial pressure in the defec- 
tive walls of the latter. 


A spontaneous cerebral hemorrliage occurring during the period of 
youth and middle age in a person without h3'pertension must nearly 
always indicate an underlying tumor or aneur3'sm. Most instances of 
so-called spontaneous “subarachnoid hemorrliage” arise in this w.'i3’. At 
times the lesion is so small that it may be overlooked, or tbe vascular 
break may be a tumor of the spinal cord as in Lorenz’s case. It is not 
fair to make a final anatomic diagnosis of primary “arachnoid hemor- 
rhage” unless the spinal cord has been searched for angiomas, for these 
tumors are common throughout the central nervous S3'stem. Cases of 
angiomas of the spinal cord have been reported by Gaupp, Hadlick, 
Berenbrudi, Lorenz, Roman, Pinner, Tannenberg, Lindau and Ritter. 
For the literature on this subject, the reader is referred to the publication 
of Tannenberg and Ritter. 

The accompanying tables show at least three striking diflcrcnces 
between cavernous angiomas and angiomatous C3'sts. 1 . Most of the 
symptoms of cavernous angiomas are focal, and few are of general intra- 
cranial pressure. 2 . The duration of s3Tnptoms is much longer. 3 . The 
S3'mptoms begpn at an earlier age. Assuredl3'’, these generalizations have 


their exceptions. 

The clinical disturbances obviousty depend on the location of tbe 
tumor as well as on its character. Tumors in the brain stem cause the 
most profound loss of function and affect life long before tuinor.s in 
the silent lobes of the cerebral hemispheres. The symiiloms in .some 
of the cases of cavernous angioma occurring in early life are of sliort 


duration because the children so affected soon die. 

In one of my patients, a tremendous cavernous angioma u-as present 
at birth. An external portion resembled an occipital meningocele, an 
internal portion pushed the cerebellum far forward and caused hydro- 
cephalus. This tumor developed early in embr3-onic life, for at birtli 
was larger tlian one’s fist. It doubtless developed early abo heraiw* 
both the dura and occipital bone were honeycombed wth parts ot n 
tumor which connected the nerv-cs wthm 
ICalischer’s patient had convulsions soon after birtli and died «hcn 
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ably the most rapidly gfrowixig and much the largest tumor of my series 
was one of the primitive vascular — ^presumably the least active — ^type. 

Until Lindau’s publication, the overwhelming percentage of angiomas 
was cavernous. With the addition of his great number of angiomatous 
cysts, tlie latter have come to assume a less subordinate position. The 
cavernous angiomas are far less concentrated to one locality in the brain, 
in contrast to the favored cerebellar habitat of the angiomatous cysts. 

Forty-four cases of cavernous angfioma have been found in the litera- 
ture. The number reaches forty-nine, with the addition of the five cases 
included in this report. In nine of these cases (18 per cent), multiple 
tumors of the same character were scattered throughout the brain. In 
most of them, there were two or three angiomas (Finkelnburg, Jakob, 
Makmud, Muller and Ohlmacher), but in Creite’s case there were eight, 
in Kufs’ twelve, and in Huebscliman’s thirty; in Kalischer’s case, the 
brain was studded with angiomas. 

The distribution of these tumors is as follows : frontoparietal lobes, 
thirty-two ; brain stem and fourth ventricle, fourteen ; cerebellum, eight ; 
in depth of cerebral hemisphere and third ventricle, nine; occipital 
lobe tAvo.® 

The gross appearance of a typical cavernous angioma is character- 
istic. It is spongelike and compressible because of the large spaces which 
one can usually see witli the naked eye. It is always well circumscribed, 
but never encapsulated; its color is reddish brown because of the con- 
tained blood. Some of the tumors are soft, others firm, depending on 
the size of the blood spaces and the amount of connective tissue. 
Although they have a good venous and arterial blood supply, neither is 
excessive, and neither is disproportionate to the otlier. When opened 
at operation, they bleed freely and in proportion to the size of the 
cavernous spaces and the entering arterial supply. The bleeding is prin- 
cipally venous, tliough on the confines of the tumor the arterial bleeding 
may give some trouble. The tumors do not pulsate. The size of these 
tumors varies from minute areas to a mass larger than one’s fist. The 
largest tumor in my series occurred in a baby, 1 month old. It was 
both intracranial and extracranial. Both portions were directly con- 
tinuous through numerous small defats in the bone and dura. 

Microscopically, these tumors show endothelial lined blood spaces 
with scant or not supporting coats, with a minimal amount of connective 
tissue between the blood spaces. 

Thrombosis and calcification, principally the former, frequently 
occur, but apparently to a far less extent than in an arteriovenous 
aneurysm. Lindau has stained the tumors with glial stains to exclude the 
diagnosis of a glioma. Microscopic studies have been made exclusivelj' 


2. Where multiple tumors were present thej' have been entered in each location. 
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was years old. In thirty patients, the age of onset of the symptoms 
could be computed. In eleven or about one-third, symptoms b^n 
before the tenth year; in eighteen, or 60 per cent, before the twentieth 
year, and in twenty-five, or 83 per cent, before the age of 30. (Only 
16 per cent of the angiomatous cysts showed symptoms before the thir- 
tieth year.) 

The duration of the symptoms shows a contrast almost as striking. 
Six patients had symptoms for less than one year( three of these died of 
cerebral hemorrhage and one of operation) ; four had symptoms for two 
years ; five for three years ; and five, for from five to ten years ; seven, 
for from ten to twenty years, and four, for from twenty to thirty years. 
In the group of patients with angiomatous cysts, SO per cent liad symp- 
toms less than one year, whereas 80 per cent of those with cavernous 
angiomas had symptoms longer than one year, and SO per cent had symp- 
toms longer than five years. 

By far the most common symptom of cavernous angioma is epilepsy, 
and usually the attacks are Jacksonian. This is largely due to the fact 
tliat most of the tumors are in the cerebral hemispheres and near the 
rolandic area. It is highly improbable tliat a cavernous angioma located 
solely in the cerebellum will cause epilepsy. ' Many of the patients have 
had motor or sensory weakness, some slight, some transiently after an 
attack and others of severe grade. 

Headache, vomiting and choked disk are infrequent in cerebral 
cavernous angiomas because the tumor rarely attains sufficient size to 
cause intracranial pressure. Rupture of a vessel in the tumor may at 
once induce intracranial pressure. One of my patients (case 24), with 
an angioma of the occipital lobe and a big cerebral hemorrhage, had a 
bilateral papilledema of high grade. Lewandowsky and Stadelmann 
reported a case presumably of angioma, in which a big cerebral hemor- 
rhage was encountered by a puncture. The patient recovered. 

Cavernous angiomas in the cerebellum and brain stem may cause 
hydrocephalus by closing the aqueduct of Sylvius or fourth ventricle, 
intracranial pressure then following. A high grade of hj'drocephalus 
was present in all four of my cases of cerebellar cavernous angiomas. 
In one of these cases, the angioma was small and caused intermittent or 
recurring hydrocephalus, the tumor acting in ball-valve fashion. It is 
interesting tliat over a period of ten years the patient’s attacks were 
intensified in three successive pregnancies. Finally, as the tumor grew, 
the ball-valve action was largely overcome, for her S}Tnptoms rarely 
abated. In another patient (case 20) , slight trauma — presumabi}'- caus- 
ing hemorrhage in the tumor, on several occasions, precipitated paralyses 
and general intracranial pressure. The first instance of this relationship 
occurred when the patient was 14 months old. Tlie early age also indi- 
cates the probably congenital origin of the tumor. The relationship of 
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ment is extirpation, when this is possible. Some tumors lend themselves 
readily to removal; others present difficulties which are insuperable. 
One of my patients, a baby 1 month of age (case 21), died of shock when 
a bloody suboccipital angioma (the continuation of an intracranial 
tumor) was removed. Bleeding had to be controlled by plugging the 
big venous spaces in the bone with wax. A second patient, a boy, aged 
16 (case 20), died one month after removal of a large cerebellar angioma 
which had grown into the brain stem. Death was not due to the tumor’s 
removal which he survived, but to closure of the fourth ventricle caused 
by the formation of a cicatrix between the raw surfaces of the cerebellar 
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lobes and pons from which the tumor had been removed. In this 
case, the foramina of Luschka had long been sealed by the tumor. 

A third patient died before operation. This should have been much 
the easiest tumor of the group to have extirpated, had it been found at 
operation. There was a- huge blood-filled cavity in the parieto-occipital 
lobes. The walls of the cavity were rough, having been carved out of 
the white matter of the brain which hung in shreds in the cavity ; in this 
respect, it was entirely unlike the smooth cyst associated with an intra- 
cystic angioma. 

Two of the cavernous angiomas were entirely removed, and the 
patients are apparently well. In one patient (case 22), the tumor was 
excised from the left lobe of the cerebellum with a margin of cerebellar 
tissue. It is now over two years since the operation. She is entirely well 
and without residual cerebellar s3Tnptoms. 
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The other successful extirpation ^vas a tumor laying on the pons and 
medulla (case 23). During the dissection, the tumor was thought to be 
a “venous aneurysm,” because tlierc seemed to Ije a single sac Avith sca-- 
eral large venous outlets and because it aatss so compressible. After 


Table 2 . — Analysis of Symfloms tii Casa- 


Type of Aneiomii 


Author 

Date of 
Publi- 
cation 

Age 

Sox 

, * 1 'Cumor 

Small Solid. » v 

Oavera- Tumor Hlnl- 

ous urith Cyst Single Uplo 

Xcmnnrk.... 



82 

P 

• ■ + + .. 

Schlnilcr...., 

... 1028 

40 

M 

+ + .. 

Scliu'oycr... . , 

... 1014 

23 

HI 

+ + + .. 

Dandy...... 

... loss 

32 

P 

.. + + .. 


Locution 

of 

Tumor 

Duration Age at 
of Pint 

Symp- Symp- 
toms tom 

Pint 

Symp- 

tom 

Signs and Tncal 
Symptoms SIri;- 
otlntrn- and 
cranial Syla^ 

Pressure tO!:!< 

Cerebel- 

lum 

1».4 yr. 

SOyr. 

Fain In 
back of 
head 

llcadnelip. 

Tomiting, 

diplopia, 

choked 

disk 

Ocriphal 

p.ilB. h’;.'- 

slnclrlt 

ear 

Cerebel- 

lum 

8 mo. 

30 yr. 

Ilcad- 

nclic 

llcnilnclie, 

chokcil 

disk 

StaJr|fr^ 
lag gait. 
!iiU< hart. 
wnrittohli 

Pronto- 

parietnl 

lobo 

13 yr. 

12 yr. 

Connil- 

slons 

Xo 

Jntkms'a; 

nttarls 

VermlB 
of cere- 
bellum 

7 mo. 

31 yr. 

Uead- 

oclie 

llenilaclir, Stnerre- 
roiiilting, Ine e.ii: 
cliokrd nn<I 

disk with jKMltli'i* 
treiiiendoiis lli>iuW“ 
retinal linn- 
orrhiigM 


Dandy AOffi 33 r 


+ + 


.. Ccrcbcl- a mo. 
lum 


33 yr. Ilcod- 
nche 


Ifcadaelir, 

voinitini.', 

chokril 

iHfV 


Srairrff- 

(III! RJlIt 

]{(iiii)<’ri!- 

nt3\(a. 

iiillailo* 

koVIrf!* 


Dandy 1028 « F .. + + 

Dandy 1038 28 M .. + + 

Dandy 1028 33 M .. + + 

Dandy MBS 34 AI .. + + 

Dandy 1028 40 M + 


Cerebel- 
lum vermis 

3 mo. 

41 yr. 

Diainns 
nnil bend- 
nclic 

lleilllBCllC. .‘!|.1CC'S- 
voniltlng. lag gad. 
choked ntBiU 




disk 

ll 

Omo. 

27 yr. 

Ilcnd- 
nche (la 

rmnn. 

ciiokrd inggatt 

lobe 



attacks) 

disk 

Cerebel- 
lum, left 
lobe 

3 mo. 

35 yr. 

Occipi- 
tal liciid- 
ttCllC 

Ilendnclii'. 
vomiting, inggaj ; 
chokcfl 
disk 

Vermis 
of cctc- 
bcllum 

2yr. 

32 yr. 

Pain In 
eyes and 
occiput 

Ilendnclie, ypfe 
roinlling. 
cliokcd ilhk 

Left cere- 
bellar 
lobe 

lyr. 

39 yr. 


Ilrmlarlid, •‘J’**'*' 
vomiting. l••gB• ' 
eiioked dl'k 


removal and section of the tumor, it ti-as seen to be a typical 
caA'emous an^oma. The mass A\'as dissected A\'ith great ' 
ligating the large venous outlets as shoAvn in the accompanying druAunt, 

( figs 27 28, 29 and 30) . No artery of size Avas seen to enter the in ■ 
t£c .;f;o1niuty to the brain stem or cerebelhnn daring .be desrec- 
tion. The patient aiso is Avell, one year after oiieration. 


-Cyst loith Angioma in the Wall 



motor 




Npilepsy 

or 




- 

» Sensory 

ether 



Petit 

Grand Symp- 

Symp- 

lien- 

Cpera- 

Focal klal 

Slal toms 

toms 

tality 

tlon 

+ 

+ 

No 

Good 

with 





Anger 





extirpation 

0 

0 Dizziness; 



0 


diplopia 





Cause of 



Studied 

Micro- 

Ne- 


scopic- 

ally 

Death 

cropsy 

Bemarks 


+ Patient In coma \Fben operated + 
on; no previous symptoms; 
solid tumor size of \ralnut; 
died one year later of pneu- 
monia 

+ Large cyst \rltli hazelnut sized + 
solid tumor; cerebellar tumor 
suspected 


Intracranial 

pressure 


- 1 - 


0 


Weakness + 

in right 
leg also 
paresthesia 

0 


Diabetes Normal 0 


0 Left facial Normal 0 

paralysis 


Meningitis, 

postopera- 

+ 


+ 

tive 




Intracranial 

+ 

Small angioma in cerebellum. 

+ 

pressure 


another in pons and one in 
medulla 



-t- 

Patient had von Hlppel's dis- 

+ 


ease; cysts of pancreas (vitli 
diabetes); cysts and angi- 
omas of liver 

Intracranial . . Cyst with angioma— hydro- + 
pressure cepbolus; cysts of pancreas, 

cysts of kidneys; hyper- 
nephroma 


0 


0 

0 


0 Weakness Babinskl Normal Deeom- 


left arm loss of presslon 

and leg; comeal 

trlgenilnal reflex 
pam 

0 0 


0 Loss of 0 

comeal 

reflex 


Intracranial 

pressure 


+ Cyst 3 by 2 by 1.3 cm.; tumor + 
1 by 2 by 1 cm. In upper part 
of cyst; hydroecphnlus 


Intracranial -|- Cyst 5 by G by 2 cm.; smooth -i- 
presBure wall; tumor 1 by 1 cm. 


Died 21 hours H- 
after spinal 
Injection 
of air 


Cyst n by 1 by 2 cm.; tumor + 
1.3 by 1.6 by 0.7 cm.; ade- 
noma of both suprarenal 
glands; hydrocephalus 


0 


0 


Both corneal. 

... 0 

Intracranial 

+ 

Cyst 3 by 2 by 2 cm.; tumor 

+ 





reflexes 


pressure 


1 by 1 cm. 






diminished 






4* 

-i- 

-i- 


Blgld neck 

0 

Intracranial 

+ 

Cyst 4 by 6 by 2 cm.; tumor 

-H 







pressure 


1 by 0.6 cm.; hydrocephalus 






Adladoko- 

... 0 

Intracranial 

+ 

Cyst with angioma; hydro- 

+ 





klncsia 


pressure 


cepbalus 





Weakness 

Blindness 

... 0 

Tonic con- 

+ 

Small angioma in cyst 

+ 




both legs 



Tulsions 











+ 

Museum preparation 

+ 





Nystagmus 

... Trephine 

Intracranial 

+ 

Cyst 4 by 4 by 1.6 cm.; tumor 

+ 





blindness 


pressure 


1 by 0.6 cm. 





... Intracranial 

+ 

Cyst with angioma in the wall 

+ 



pressure 





... Intracranial 

-h 

Large cyst with angioma; nl.<o 

+ 



pressure 


several small angiomas in 
cerebellar lobes (largest size 
of pea) one in medulla 





+ 


+ 

fingers of 
both hands 


pressure 





Suggestive 0 
of a neu- 
rosis 



Patient had a cavernoma of 


of left 
face 



medulla with cyst formation 
like a syringomyelia 




Table 3.— Cases of MuUif-k Ccr.T- . 


Author 


Tjpe of Asgioni& 
r- » Tumor 

Date of Small SoUdr—— — k Location 

Pabli- Oayem- Tumor Mol- of 

cation Age Sex oos \rith Cyst Single tlple Tumor 


Duration Age at 

of Intst First 
Symp- Symp- Synip< 
toms tom tom 


Signs and j-«;* 
Snnptoics s:—. 
ot Intro* s:! 
craniol $f£;. 
^essurc 


Creite 

.... 1003 21 F 

+ 



+ Seconder 39 yr. 

Syr. 

Conrot* So 

Xo 






lemarls 


sions 



Finkelnburg... 

1903 

11 

M 




See under yr. 

remarks 

11 yr. 


Choked 

disk 

StsK.-rr; 

gait,I'!: 

aMi;?':# 

pahr 



two 


HuAschmann. 

1921 


U 

a. 


4. 

SrattereS 


Convul* 






about 

30 In nil 


sions 



JnEoh 

1921 

81 

S' 



•* + 

See under 20 yr. 
remarks 

10 yr. 

Conrul* 

sions 

Pains ia 
head 

Wi\i\ 

jacisor.!.'', 

attsAs 

Eolisdier 

1S97 

1% 

•• 

+ 


+ 

Seconder lyr. 
remarks 

Orao. 

Conmi- 

sions 

No 

ISCt'OSi!". 

attatksr' 

isterpt:' 

;!l< 

Eofs 

loss 

SI 

u 

+ 

• • 


Botbbemi* No 
spheres symp- 

pons toms 


None 

None 

Ness 


Malamud 

1923 

31 

p 

+ 

• • • • 

+ 

See re> 
marks 

22 yr. 

£0yr. 

Hend- 

nche 

Diplopia. SympK* 
headaelic, IH'/'FKJ' 
dlztiness yjijsrfh?- 









5 days 


Head- 

ache 

Syeswl- 

tpreikii' 

'»~r-r 

1923 

17 

SI 

+ 

• « • • 

+ 

Coudato 

nuclei 

(both sides) 

17 yr. 

bend, eonia. 
brndycnnii-i 








See under 
remarks 





Ohlmaehcr 

1800 

• • 

* • 

• • 

• • • • 















C 0 J« of Ctttvnms Attuh'r'. «• 

Astwnznturow 

1911 

33 

y 

+ 

+ 

«• 

Bight 

fronto* 

2yr. 

33 yr. 

Head- 

ache 

+ lac-.st: 

80*1 ks* 








parietal 



Conrub 

sions 


Astwazaturov 

1911 

23 

y 


.. ' 

•• 

Bight . 
temporal 

33 yr. 

30 yr. 

epi:-!*.'' 

Bail 

• ••• 

10 

M 

+ 

+ 

•• 

lobe 

Lett ro- 
landlc area 

2 yr. 

Syr. 

Convul- 

sions 

4 -clioted ’ 

disk *f" • ^ 












Jjfl*' V' 

Bremer, 

d'Antona 

Bef. 

Lecbncr 

20 

M 

+ 

• • • 

• • 

Parietal 



sions 

fir.--;.'--- 

tfi-.' • 


Bef. 

Leclmer 

1911 

S3 

ss 





Subcor* 





Bremer and 
Carson 

Cassirer and 

• * 

M 

+ 

.. + 

-• 

tleal 

Bight 

parietal 

Syr. 

J?yr. 

ConvuL 

rioos 

^ 

hlnbsnm 







post- 

c^citrol 




jTfMse” ; » . 
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REPORT OF CASES OF CAVERNOUS ANGIOMA 
Case 20. — Cavernous Angioma of the Cerebellum and Brain Stem. 

The patient was a very well nourished boy, aged 16, with a large head. He 
had been bedfast for sometime and sought relief for headache, disturbance of 

Cyst with Angioma in the Wall— Continued 


Epilepsy 


Motor 

or 

Sensory 

Symp- 

toms 

ether 

Symp- 

toms 


Petit 
Focal Mai 

Grand' 

Mai 

Men- 

tality 

0 -I- 

0 


Attocks of 
moment’s 
loss of con- 
sciousness 

Normal 





Studied 

Micro- 

Opera- Cause of Ne- scopic- 

tton Death ciopsy Remarks ally 


0 


Intracranial 

pressure 


+ Pea sized tumor In extraeere- -1- 
bellar: collection of yellow 
fluid (left cerebellar lobe) 



Bilateral 

Bablnski 

Dizziness 


Extirpation Living 
with lobe of 
cerebellum 

+ .. + 

None 

None 

Normal 

0 

Status epi- 
lepticus 

0 0 0 

Cccaslonal 
attacks of 
numbness 
of right arm 
and leg 

Stiff neck 

dizzy 

attacks 

Normal 

Removal 

Living and 
frell, 6 years 

Tonic spasms of 
whole body; no loss 
of consciousness 

Transient 
ankle 
clonus on 
ligbt 

Dizziness; 
stiffness 
of neck; 
diplopia 

Normal 

Removal 
of angioma 
in tbe wall 

Living, 2 mo. 

Tonic spasms but 
no loss of con- 
sciousness 

Positive 

Bablnski 

Dizziness 

MpTltSlI 


Intracranial 

cloudiness 


prcBBure 

0 0 0 

Reflexes 

normal 

DlzdneBS 

diplopia 

Normal 

Removal 
of ongioma 

Living; 7 
years since 
operation 

0 0 0 

Reflexes 

normal 

Blind; 
dizziness; 
stiff neck 

Normal 

Removal 
of ongioma 

Living; 

1 years 

0 0 0 

Numbness 
and tingling 
in right arm 
and leg 


Normal 

Removal 

Living; 



of angioma 

G months 




Normal 


Intracranial 





pressure 


.. Large part of cerebellum re- 
moved witb tumor 


-{- Cyst size of cherry, flllcd with 
blood; tumor size of small 
walnut alongside; some cal- 
cification 

.. In a largo cyst filling the ver- -t- 
mis was a small papilloma 
(angioma); it lay over the 
midbrain; totally removed; 
vision bos returned to normal 


.. A half pea-sized angioma was -f 
located in the tonsil of cere- 
bellum 


-I- Cyst in vermis of cerebellum 
tiny plaque of angioma over 
region of tbc midbrain 


.. Localization of tumor by ven- -1- 
triculogrnpby 


. . Ventricular estimation test sub- -i- 
etantlatcd cerebellar locali- 
zation 


.. Localization of tumor made -I- 
solely by ventriculography 


Patient died before reaching -t- 
hospital 


vision, disturbance of gait and projectile vomiting. His symptoms dated back to 
the age of 14 months, when he had fallen a distance of 4 feet, striking the back 
of the head on a brick. He had been unconscious for only a few minutes, but 
immediately afterward had become paralyzed on botli sides. The father, who is 
a physician, insisted that both sides were paralyzed at that time. After three 
weeks, the paralysis had gradually cleared up; both sides had improved about 
the same time. The father said further that the child had been talking for about 


Table 3. — Cases of Mtdtiple Catvrnous Anitbr.; 

Cases of Cotvrc'iii 


Type of Ansioma 


Tumor 


Author 
Lcrlck 

Date of 
Fubli- 
ention 

.... 1914 

Arc 

C| 

Sex 

r 

Small Solid/ 

CaTcm- Tumor 
ous trith Cyst SlURle 

+ *. + 

Mul- 

tiple 

Lindau.... 

.... 1920 

4S 

M 

+ 

•r 

•* 

Lindnu.... 

.... 1!I2B 

•• 

•• 

+ 

•• 

+ 

Dandy 

IMS 

10 

H 

+ 

+ 

-• 


Location 

of 

Tumor 

Duration 

of 

Symp- 

toms 

Arc at 
First 
Symp- 
tom 

First 

Symp- 

tom 

SIros and 
Symptoms 
of Intra- 
cranial 
Pressure 

r«3l 

SIrcj 

BC-1 

SyEr- 

tom! 

Cere- 

bellum 

Rapid 

proercs- 

sion 


Paralysis 

Headache 

II 

Cere* 

bcUum 

Oyr. 

42 yr. 

Hend- 

acbe 

VomItinR, 

headache, 
cholccd dish 

Cerebel- 
lum and 
pons 






Vermis of 
cerebel- 
lum 

15 yr. 

lyr. 

Paralysis 

bilateral 

after 

SllRht 

trauma 

LarRC 
bead, 
choked 
disk, con- 
volutional 
atrophy 
of skull, 
headache, 
vomitInR 

Hydro- 

rci<bal:t>; 

stastKlsc 

RalirBoE- 

Iters 


Dundy 10^ lino< M 


Dandy 

19K 

33 

F 

+ 


'Hrrbllngcr 

1922 

27 

3( 

+ •• 

+ 

K.m1i>rs 

190S 

00 

M 

■J* • • 

+ 

Lryser... 

1922 

20 

P 


+ 

Nalin 

. 1925 

11 

M 

+ 

+ 

Kambu........ 

. 1907 

03 

.. 

+ 


Sclmback 

. 1927 

25 

P 



Topliotl 

. 1923 

25 

r 


-i- 

IVohIvrIII 

. 1927 

£S 

F 

-t- 

\rith von 

Hippcl's 


Dandy 

. It'd? 

.^1 

M 

-r 



Subocci* Before 
pital Intra birth 
nnd extra* 
cranial 


Tumor Tumor 
tras pres* 
entat 
birth 


Hydro* Tl>lnl>fr^ 
cephnius sctnbW 
\rithlnrcc inrnlnp'e'/* 
head 


.. Left cere* 10 yr. 23 yr. HMd- 
bcUnr “Chc 

lobe 


HeadBclie, 

eboVed 

dish 


I'artlsl 
dMlu'*’ 
on hit 


Cases of Cavenioiis AniiiomiJ »« 



Medulla 

13 yr. 

14 yr. 

Paralysis 

+ Paraly*!* 

flrst o5» 





nnn,tb'5 

other 


•- 

Leftside 
of pons 



Convul- 

sions 

jfo AllaeV* 

tiivfnla 

rijrlii rM' 





Coma 

ot hotly 

-• 

Pons 1 by 
Smm. 

20 days 

20 yr. 

Coiitu •••■ 

Coma (no 

choked 3ah.ny*.>- 

dlsk) 

“ ' aills'ioVo- 


•• 

Fourth 

ventricle 

9 mo. 

10 yr. 

Head- 

ache 






klr-f*!* 


Pons 





+ 

Fourth 

ventricle 

Syr. 

23 yr. 

Head- 

aches 

Headache. 

5* •; asl-' 

vision "A;,;,.; 






jlsitia*!! 


Pons 




. tV/sVC'** 


Fourth 
ventricle 
spinal cord 

3yr. 

23 yr. 

*4* 

+ MiK 

- 

On pons 
nnd me- 
dulla 

21* yr. 

29 yr. 

StllTness 
ol right 
IcR In 
Fjiell'* 

jtM. 

choke-l 

ill«t.d!rs- 

1)^8 of • ‘ 

Vl-!n5 


Angioma of the Brain from the Literature 


Motor 

jElpllepsjr or 

» Senaorr Other 

Petit Grand Symp* Symp- Men- Opera- 

Focal Mai Mai toms toms tality tion 

0 .. -{- No 0 


0 .. 0 Diplopia, 0 

difficulty 
in urination, 
pains in back 


and limbs 

.. .. 4- 0 

+ .. -t- Weakness Intention 0 

leftside tremor, 
ataxia, 
dysarthria 

4- .. 4- Weakness 0 

rlFht side 

0 .. 0 None Senile de- 0 


mentia 


0 0 Extra- Attacks 0 

ocular pal- of euphoria, 
sics, queer depression 
leeUng in and apathy 
both bands 


Extra- 

ocular pal- 
sies, cervical 
rigidity 

0 


Cause of Ne- 

Deatb cropsy Bcmarks 


Studied 

Micro- 

scopic- 

ally 


Convul- 

sions 


Pressure 


Convul- 

sions 


Convui- 

tions 


Convul- 

sions 


Senility 


Hemor- 

rhage 


4- Eight isolated tumors— all of 4- 
same small structure; six are 
scattered through both cere- 
bral hemispheres, another Is 
in the cerebellum and one in 
ttejeons; vessels greatly cal- 

4- Small tumor in coipora quad- 4- 
rigemlns; larger one In 
fourth ventricle and extends 
into spinal cord; tumor 
causes hydrocephalus 

4- About thirty tiny angiomas 4- 
trere scattered tliroiigbout 
brain 

4- Three tumors vrerc present— all + 
small; (i) in fundibulum, 

(2) in pons, (3) in fourth 
ventricle 

4- Deft bemlspbcre studded with 4- 
small tumors on all sur^ 
faces; hemiplegia gradually 
developed 

4- Nevi in skin presumably re- 4- 
latcd; daughter had apoplexy 
(recovery) at age of 17; dosen 
small tumors scattered 
throughout vhite matter of 
brain, one in posterior horn, 
another in pons; multiple 
cavernomas in liver 

4- Tumors (1) in rimlon of Infun- 4- 
dlbulum and third ventricle 
(1.5byZ.75 cm.); (2) in right 
pallidum (S by & mm.); (3) in 
pons, and medulla (4) several 
others scattered In left Iicm- 
ispbere 

4- Small tumor in caudate nucleus + 
of each side; patient died five 
days after first symptoms of 
hemorrhage 

4- Ifiroe angiomas irere present— 4- 
all small; (1) coVoeal gyrus; 

(2) optic thalamus; (3) spinal 
coni; an osteoma and a 
flbroendothelloma trcrc also i 
present < 


Fronto-Parietal Region of the Brain 


4- 


4- 

..... Loss of 

Betrograde 0 

Meningitis 




memonr 

azonesla 


4- 




Loss of 0 

Convnl- 





memory 

memory 

sions 





0 

Convul- 



+ 



sions 

JL 


J. 





4- Tumor size of “mark"; vessels 
thrombosed and caldflcd 

4- Tumor extends deeply into 
hippocampus 

Darge .Vttacks followed ttro vccks 
tortu- after slight head injury; pos- 
ons sibty an arteriovenous aneu- 
massof rysm 
veins on 
surface 


Tumor size of a nut. 


f 


Loss of Weakness Slow at 

touch of hand school 

eventually after attacks 


removed 


Uvhjg 


Patient complain^] of l.-ad- ~ 
ache after eiertloa; no dis:- 
culty with bear.o.Tljare v}.-s 
tumor <1 
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three months prior to the injurj-, and tliat after the blow on the head speech had 
been lost but had returned with the motor function. His head had always been 
large, but the father explained that this was a family characteristic; all of 
the lather's brothers had large heads. The boy, however, wore a 7^ hat, while the 
size of his father’s hat was 7}/<; his grandfather wore a No. 8. During the 
convalescence from the injury to the head, the patient had vomited a great deal 
and had cried much after the initial drowsy period wore off. Even after six 
weeks, the vomiting and crying had persisted. The patient had continued to have 
headaches and spells of vomiting up to the age of 6 years ; at this time he had 
been thrown from a horse and had been unconscious for about half an hour. 
During the next two days, he had been unable to stand. He had always been 
more clumsy than the other children, and his movements were slower and less 
sure. After the age of 6, the clumsiness had increased. When he was years 
old, it had been noticed that a crossed eye had developed without warning; the 
right eye drew in toward the nose. For sometime after the injury to the head 
(at the age of 6), the eyeball had not moved; this condition had improved 
gradual^' during the next six months, some weakness of the external rectus 
muscle persisting. Until the age of 12, there had been little change in his condi- 
tion. He could not read well because of tlie extra-ocular palsies; his clumsiness 
seemed to increase, and he became weaker and had a tendency* to deviate to the 
right side while walking. 

At the age of 12, he had tripped and fallen on the right side of the head while 
running at school. He had been unconscious for twenty minutes and drowsy 
for several days ; during this time he had had a fever and his temperature had 
been as high as 103 F. ; he had complained of a severe headache. Again ho liad 
been unable to walk for a period of sixty-one days, and during all of this time 
he had complained of severe headaches. After two months he had begun to n’alk, 
but only with support. Tw'o weeks later, he had been able to stand alone. For 
the following tw’o years, nothing unusual liad happened, and then without warning 
the headaches had reappeared and had occurred more or less constantly; they 
were always severe and occurred every' two or three weeks. 

A year before operation, the boy’s father had noticed that his disturbance of 
gait, awkwardness and clumsiness were still persisting. At this time, it had been 
noticed that he staggered definitely toward the right. Two months before opera- 
tion. the patient had become progressively W’orsc, and during all of this time he 
had been confined to bed. 

Examination showed a rather sallow, fat boy with a large bony frame and 
poor musculature. He complained of severe headache. His large head was dis- 
proportionate to the development of his body, and showed a marked cracked pot 
sound on tapping along the frontoparietal sutures. The veins of the eyelids and 
scalp lycrc prominent and full. The eyegrounds showed a slight choking of both 
disks, perhaps a little more marked on the right; the temporal margins, however, 
were still visible. Weakness of both external rectus muscles produced an evident 
strabismus. There was slight but definite weakness of the right facial muscle.^. 
His hearing was impaired on both sides, but air conduction was better than iKinc • 
conduction. The entire right side of the body was definitely weaker than the 
left. There was a marked positive Romberg sign, and he always fell to the rig it. 
.\taxia was present in both hands, but more on the right. There was adiodokokine.>.ii« 
on both sides, more on the right, and nystagmus in both directions. Renexes were 
equal and active. The Babinski sign was absent. X-ray examination slimvcn 
separation of the suture. 



of the Brain from the Literature— Continued 
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resection with the tumor. Preparatorj- to this section, the veins on the surface 
were hgated, and the large veins which ran from the surface of the cerebellum 
to the tentorium were doubly ligated and divided. The incision was then carried 
through the cerebellar cortex be}*ond the confines of the tumor (fig. 20). Much 
to my surprise, no vessels of moment were encountered during this part of the 
dissertion. The hemispheres were retracted to cither side. The tumor then 
remained attached only to the floor of the fourth ventricle, i. c., the pons and 
medulla. 

The anterior surface of the mass was found to be well defined and ended just 
posterior to the aqueduct of Sylvius. The portion of the fourth ventricle between 
the aqueduct and the obstruction was greatly dilated, and the aqueduct was as 
large as one’s little finger. The release of this fluid greatly facilitated the operation. 
The dissection was then begun along the floor of the fourth ventricle. There was 
no line of cleavage; the mass of fibrous tissue was densely adherent to the brain 
stem, and from this source the large veins were seen to enter, as at the previous 
operation. There seemed to be no alternative than to deliberately cut through 



Fig. 21 (case 20). — Operative attack on the tumor over the medulla and pons. 
This was the only difficult part of the extirpation. 

the mass just above the floor of the ventricle, and to control the bleeding with 
silver clips and with packs. It now seemed fairly certain that the lesion was not 
an arteriovenous aneurysm and that the struggle with hemorrhages would be 
mainl}' with veins. Mudi to my surprise, hower'er, these enormous veins bled 
relatively little, and many of them were thrombosed ; it was possible to cut through 
the witire scar with little bleeding, and this was readily controlled (fig. 21)-^ The 
mass of tumor was then lifted out of its bed. The wound was closed without 

drainage. r i ti 

Recovery from the immediate effects of the operation was uneventful. i i® 

patient did not have any immediate effects from the removal of the tumor mass. 
He lived one month after the operation, .-\bout ten days after the operation, it 
was evident that the hydrocephalus still persisted, for there was steadily increasing 
pressure on the cerebellar wound. 

Necropsy showed that the three sides of the raw surface produced iw t 'c 
extirpation of the tumor had closed together and had again completely closed tu- 
fourth ventricle. .Ml of the vascular fibrous mass had been removed, except k. 
portion which was deliberately left on the floor of the ventricle. 
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It was evident that the patient had a cerebellar lesion and presumably a tumor. 
It was also evident that this lesion had been present since tlie age of 14 months, so 
that it must liave been congenital. As the ssrmptoms of localization and those of 
general. pressure increased after slight trauma, it seemed probable that the lesion 
must have been a tumor which was readily susceptible to hemorrhage. The diag- 
nosis of a cerebellar tumor was made. 

Operation . — On June 19, 1925, a bilateral cerebellar exposure was made. The 
lesion was at once evident in the vermis and the mesial side of both cerebellar 
lobes ; it presented a brownish discoloration and was extremely hard and inelastic. 
Although sharply circumscribed, it was not encapsulated. In order to gain a better 
impression of the lesion, the foramen of Magendie and the fourth ventricle were 
exposed. The cerebellar lobes were separated in order to reach the tumor in the 
fourth ventricle. After proceeding about 2 cm. along the floor of the fourth 
ventricle, several large veins were encountered running directly out of the brain 
stem into the hard indurated mass of tumor, which was continuous with the mass 
described on the surface. The entire fourth ventricle was obliterated at its level 



Fig. 20 (case 20). — ^Drawing to show position and character of the cavernous 
angioma. The gross character of this tumor borders on that of a plexiforme 
angioma. The dotted line indicates the line of incision for resection of the tumor 
laterally. Since there was no plane of cleavage between the tumor and the brain 
stem, the tumor was sectioned directly above the medulla and pons, leaving a 
fragment of the angioma attached thereto. Many of the vessels were thrombosed 
and as all of the bleeding was venous the excision of the tumor was not 
accompanied by much hemorrhage despite its vascular construction. The tumor 
had completely closed the fourth ventricle and produced hydrocephalus. 

by the tumor, which did not give any outward evidence of being more than dense 
fibrous tissue. As large veins were present everywhere and were coming directly 
•out of the medulla, extirpation seemed hopeless. The wound was closed. 

The patient’s condition remained practically unchanged for the next ten days. 
After further thought and in view of the hopeless nature of the lesion, I was 
persuaded to make an attempt to remove the tumor, though it was clear that it 
would be necessary to carve the tumor from the brain stem, into which it had 
grown. 

Second Operation . — On June 30, 1925, the cerebellar wound was reopened. The 
■entire vermis and the inner margin of each cerebellar lobe was then prepared for 
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Operation.— At operation, the lesion was quickly recognized as a tumor. It was 
intimately attached to the skull and was so bloody that at cveo' attempt to separate 
it from the skull applications of wax were necessary to stop bleeding. The peri- 
ostium was everywhere absent, the bone rough and irregular from the extensive 
adherence of the tumor and the many vascular channels wliich penetrated it. 
Nowhere was an opening seen to penetrate the bone. For this reason', it was 
evident that the tumor was not causing the hydrocephalus. It was equally evident 
that another tumor, presumably of the same angiomatous type, must be present in 
the posterior cranial fossa, and causing the hydrocephalus. Nccrop.sy proved this 
assumption to be correct. An equally large tumor was present in the posterior 



Fig. 23 (case 21). — ^Thc position and relative size of the tremendous angioma 
shown in figure 22. The tumor pushed the cerebellum far forward thereby caus- 
ing the tentorium to bulge. It has completely occluded the fourth ventricle caus- 
ing a hydrocephalus of high grade. 

cranial fossa. It was attached to the inner surface of the occipital Iwnc. and lay 
immediately beneath the c-xternal tumor. The inlernat and external tumors were 
directly continuous through the bone by angiomatous extensions of microscopic 
size. 

Both intracranial and c-\tracranial tumors were alike; they were soft, spong • 
like and compressible. Blood could be e.xprcsscd from the spaces which were oi 
varying size up to nearly I cm. in diameter. 

The microscopic appearance showed the tumor to be a cavernous hemanBmm*'*- 
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The microscopic diagnosis was cavernous angioma. It doubtless was of con- 
genital origin. 

Case 2L— Cavernous Angioma in Posterior Cranial Fossa and Extracranial 
Suboccipital Region. 

An infant, aged 1 month, was referred by Dr. W. P. McDowell, of Norfolk, Va, 
because of a lump in the back of the head, presumably an occipital meningocele 
(figs. 22 and 23). The tumor had been present since birth and was then about 
double the size at birth. The whole head had also been rapidly increasing in size 
during the three weeks before operation. Before this time, the head had not 



Fig. 22 (case 21). — ^Photograph of patient with a large extracranial and intra- 
cranial cavernous angioma. The position of the tumor suggested an ocdpital 
meningocele. 


seemed unusually large. Convulsions had not occurred, neither had there been 
nausea or smiting. The swelling was exactly in the midline in the suboccipital 
region; it was of oval-shape and measured about 5 by 5 by 7 cm. It was every- 
where covered by normal skin, and did not show any evidence of nervous tissue. 
It was compressible and seemed to pulsate. At the time of operation, the diagnosis 
of meningocele was made, though doubtless had the light transmission test been 
made it would have changed this diagnosis. X-ray examination would also have 
excluded a meningocele, for there was no opening in the center of the occipital 
bone. Advanced obstructh'c hydrocephalus was diagnosed by ventricular esti- 
mation. 





770 ARCHIVES OF SURGERY 

It is noteworthy^ that except for a subjective cervical rigidity and the possible 
disturbance of hearing, there were no indications of a cerebellar lesion. The loss 
of smell and the possible uncinate attacks suggested a lesion in the uncinate 
gyrus (temporal lobe). 

Ventriculography showed a bilateral hydrocephalus with a large third ventricle 
(figs. 24 and 25). 

Operation . — On Dec. 29, 1925, cerebellar exploration was performed. A tumor 
appeared in the left cerebellar lobe. It readied the surface beneath the lateral 
sinus, to w'hidi it ivas attached by filmy adhesions. Two tortuous veins passed 
over the cerebellum and entered the tumor. A large arterj' also passed into the 
tumor from below, A third vein skirted the tumor. After the vessels on the 
surface of the cerebellar lobe had been tied, the tumor was removed by resecting 



Fig. 25 (case 22). — Anteroposterior ventriculogram of the same patient. The 
symmetrical, dilated lateral ventricle and the mcsially placed third ventricle (also 
enlarged) indicate the position of the tumor to be in the posterior cranial fossa. 

a good margin of cerebellar tissue around it (figs. 26 and 27). The subcortical 
part of the tumor was not seen at any time until the resected mass was sectioned 
for study. Tlic tumor was then seen to be composed entirely of a meshwork of 
blood-containing spaces with some interposed conncclh’c tissue. diagnosis o 
cavernous angioma was made. 

The postoperative course was uneventful. The patient did not suffer am 
noticeable ill effects of the loss of the cerebellar tissue. She has remained wcl 
to date, over two years after operation. 

Osc 23.-^Catvntous Angioma of the Fourth I nilrictc. ^ ^ ^ 

A healthy looking man. aged 31, was referred by Dr. Samuel Key of «**'"• 
Tex. Two years before admission to the hospital, his right leg had occafiona , 
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Case 22. — Cavernous Angioma of Left Cerebellar Lobe. 

A well nourished woman, aged 35, was referred by Dr. Walter B. Martin, of 
Norfolk, Va., with the diagnosis of an unlocalized tumor of the brain. Her 
symptoms had begun ten years before when during a pregnancy she had had severe 
headaches in the frontal and temporal regions of both sides. The headache had 
shifted slowly to the back of the head. Since this time, she had had headaches of 
the same character about every six months ; eacli attack lasted about from six to 
eight weeks. The headaches began gradually, increased steadily, reaching a 
maximum usually^ in about six weeks. She was then forced to stay in bed. They 
then disappeared gradually. The disappearance of the headaches could not be 
accounted for any more than their beginning. Nausea and vomiting accompanied 



Fig. 24 (case 22). — Lateral ventriculogram. This patient had signs and 
symptoms of intracranial pressure, but none of the tumor’s location. The ven- 
triculogram shows greatly enlarged lateral and third ventricles. 

the headaclies. During one of these attacks of headache, she had partially lost 
the hearing in tlie left ear. Eight months before operation, in one of these spells, 
she had lost the sense of smell and taste, and since then had constant!}' smelled a 
nauseating odor of “burnt celluloid.” Her last attack of headache had begun 
about twelve weeks before operation and persisted until that time. In this attack 
she felt some numbness in the left arm and leg and stiffness in the neck. There 
was no diplopia. 

Neurologic examination showed the following positive conditions: (1) double 
choked disk, about equal on the two sides; (2) complete loss of smell; (3) 50 
per cent loss of hearing — ^bone and air conduction in left ear. 
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drag^d and become stiff. For seven or eight months, there had been some weak- 
ness in the fingers of the left hand. The fingers on the right hand had also 
become numb and stiff, but less than those on the left hand. 

Six months before operation he had begun to have attacks of blurred vision : 
since this time, he had had several such attacks daily. Dimness of vision would 
last half an hour or more after each seizure. Later his vision had been greatly 
limited on both sides. He had never had headache, but in the morning when 
getting up there had frequently been pain back of the right car. Wien he held 
his neck stiff, this pain seemed to disappear. 

About four months before operation, he had suddenly fallen to the floor uncon- 
scious. When he awakened, he was in bed but felt well. He did not bite his 
tongue and was not incontinent. Three weeks before operation, he had Iiad a 
similar attack. He did not know whether he had had a convulsion. 



Fig. 28 (case 23). — Bulging tumor between the cerebellar lobes and over the 
medulla. It is covered with arachnoid which must be split before the tumor can 
be exposed. 

The positive neurologic observations were; (1) bilateral choked disk (4 diopters 
in each eye) ; (2) visual fields greatly reduced; visual acuity 20/100 in each eye; 
(3) definite motor loss in left arm and leg; (4) definite hypo-csthesia in left am 
and leg; (5) uncertain gait, but not staggering (Romberg sign negative); (6) 
slight nystagmus in right lateral fixation. It is noteworthy that all of the reflexes 
were normal. The x-ray picture showed destruction of the posterior chnoid 

processes. ... 

Ventriculography showed high grade bilateral hydrocephalus with large tnini 

\'entriclc (figs. 31 and 32). 

Ofieraiion.— On July 28, 1927, bilateral cerebellar operation was performed. A 
strictlv midlinc tumor was found between the cerebellar lolics and resting dtr« J 
on the' medulla and pons (fig. 28). When first seen, it was covered with araclm 





Fig. 27 (case 22). — Cross-section of resected cerebellar tissue and the tumor 
shown in figure 26. 


I. 
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After ttto weeks in bed, he had felt well enough to be up and about, but for five 
months he had felt groggy and tired. He had then returned to work. A month 
later, when arrinng at the office, he had suddenly had an attack of scwre vertigo, 
and two hours later had experienced violent nausea and vomiting, all of which 
had lasted for twelve hours; objects had seemed to whirl about him. Diplopia 
had also appeared at that time. There had been a queer feeling in the eyes, and his 
neck had been stiff. He said that he thought he had staggered at times, but that 
the dizziness may have accounted for this. He had impro\'ed graduallv, and eight 
days later had again left the bed. For the next year and a half, he had done 
little work and had rested a great deal. 

He had again been referred by Dr. Sprunt, in March, 1928, because bilateral 
choked disks had been discovered. He did not complain of headaches and felt 



Fig. 30 (case 23). — Operative removal of tumor shown in figures 28 and 29. 
On elevating the tumor a single large vein passed into the medulla precisely in the 
inidline. This vein was occluded with a silver clip and, after the division of the 
vein above the clip, the tumor lifted out in its entirety. Throughout tlic dissection 
of the tumor no arter3' of size was seen to enter it. There was practically no bleed- 
ing during the rcmoral of the tumor. 

that his rccovciy, tliough not complete, bad been steadily progrcssii'c. He said 
that the dizzy feeling was still present when his head was suddenly turned to 
the right. 

Except for a bilateral papilledema of 4 diopters in each eye, the results of 
physical and neurological examinations were negative. It was my impression f .at 
the patient had a tumor of the brain, probably a cyst with an intracystic ifaptllortw. 
The long duration of the symptoms with periods of marked improvcmviit 'tou 
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and was thought to be a glioma, but after the membranes had been split, it was 
seen to be a well encapsulated tumor. There was an oval, smooth, bluish, fluo 
tuant central mass closely attached to the brain stem. From this tumor, which had 
every appearance of a venous aneurysm (it did not pulsate and imparted no thrill), 
three large veins, larger than slate pencils, emerged (fig. 29). One vein came from 
the vault of the tumor and passed over the right side of the pons and was lost to 
view; the second emerged from the vault of the tumor and passed over to the 
left side of the medulla, and tlie third passed from the lower pole of the tumor, 
down the center of the spinal cord and at the level of the axis (the atlas had been 
removed posteriorly), two branches passed over the right side of the spinal cord 
and one over the left. All of these veins were carefully ligated, after which the 
central tumor mass was carefully elevated from its bed in the brain stem (fig. 30) . 
One other vein, slightly smaller than the one already mentioned, emerged from the 
exact center of the under surface of the tumor and passed directly into tlie 
medulla near its junction with the pons (fig. 30). 



Fig. 29 (case 23). — ^Tumor exposed after splitting the arachnoid. The large 
veins issuing from the tumor suggested at first that the tumor was a venous sac 
(venous aneurysm). The five large veins which emerged from the tumor were 
ligated with silk; the tumor was then lifted upward and dissected from the brain 
stem to which it was loosely attached. 

The patient promptly recovered from the operation which was without incident, 
except that there was some increase in the incoordination in the left hand. This 
disturbance soon improved, and when seen seven months later he was perfectly 
well except for a very slight weakness — far less than in the left hand on 
admission. 

Case 24. — Cavernous Angioma of Occipital Lobe with Hemorrhages. 

A normal looking man, aged 32, was referred by Dr. T. P. Sprunt, of 
Baltimore, in October, 1926. In Febroar>% 1926, the patient had had a spell of 
severe pain in the legs and arms, more on the left side. The pain had not been 
constant, but had occurred in wares. He had continued at work for ten days, 
when persistent nausea and vomiting bad developed. He could not retain food. 
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seem to indicate a cyst. The sudden symptoms on several occasions suggested 
hemorrhages from the tumor. ■ Because of the rigidity of the neck and the out- 
spoke dizziness,* particularly on turning the head to the right, a presumptive 
localization of the tumor was made in the cerebellum. 

An injection of air into the cerebral ventricles was advised for the accurate 
localization of the tumor, to be followed by the c.’cploration of the tumor in 
anticipation of its removal if possible 

The patiet was scheduled to etcr the hospital a week later, on March 17, 1928. 
Suddenly, on March 16, 1928, he complained of violent dizziness and hcadadie, 
A few minutes later, he was deeply comatose and had Chcync-Stokcs respirations. 
He was rushed to tire hospital, but became cyanotic and died as he entered the 
operating room. In an attempt to resuscitate him, a ventricular puncture \eas 
performed quickly in first aid fashion. A spurt of dark blood (hemorrhage) 
followed the right occipital puncture, but his pulse did not beat again and res- 
piration did not commence. It was then clear that he had had a cerebral 
hemorrhage in the right occipital lobe. 

Necropsy showed a large, oval cavity (as large as one’s fist) in the right 
occipital lobe and extending into the temporal lobe (fig. 33). The cyst was about 



Fig. 33 (case 24).— -Sketch of the brain (at necropsy) showing the position and 
extent of a large hemorrhage and small angioma. This patient died before 
operation. 

from 1 to 2 cm. below the surface of the brain. At first a tumor could not be seen, 
but on more careful inspection, a small, smooth swelling was noted in the region ot 
the angular gj'rus. At first it was thought to be merely the indentation of a con- 
volution, but cross-section demonstrated a small mass of loose, spongy tissue 
measuring about 1 by 1 cm.; it replaced the cortex and connected with the pia- 
araclmoid (fig. 34). It was clearly an angioma. 

The microscopic diagnosis was cavernous angioma. 

Rclatioitship of Angiomas of the Brain to Angiomas and Other Con- 
genital Lesions Blscsvlicre in the Body.—Thfi frequency of multiple 
angiomas in the brain must prepare one to believe that the same lesimis 

3. This case was recently reported in a paper dealing with dizzincrs in 
Meniere’s disease, brain tumors and other lesions, as an example of tins type o 
dizziness associated with tumors located elsewhere than in the posterior crams 
fossa. (.\rch. Surg. 16:1127 IJunel 1928). 




Fig. 31 (case 23).— Ventriculogram of tumor shown in figures 28, 29 and 30. 
It was situated far enough anteriorly to block the foramina of Luschka and pro- 
duce a big hydrocephalus. Doubtless the block was of ball-valve character, for the 
tumor must have been present since birth. The patient is now 31 years old. 



Fig. 32 (case 23). — Same as figure 31. 
















Fig. 34 (case 24). — Photomicrograph (low grade) showing relationship of an angioma to the cortex 
in an occipital lobe. To remove an angioma of this character it is necessary- to include the cortex just 
iK'j-ond its border. This also makes its extirpation much easier because the \’ascular tumor is avoided. 
Spontaneous hemorrhage is always a danger, even in a seemingly insignificant and dormant angioma. 
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Fig. 38. — Case 16. 
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nothing can be contributed toward a better knowledge of the relationship 
between angiomas of the brain and c}'sts of the abdominal organs. 

SUMMARY AND COXCLUSIOXS 

1. A series of cases of venous anomalies, plexiform angiomas, 
angiomatous cysts and cavernous angiomas of the brain are reported. 
The additional cases of similar types are collected from the literature, 
and tlieir clinical features are analyze'd. 

2. The venous anomalies are of congenital origin. Their clinical 
S 3 ’mptoms are usually epilepsy and disturbances of mentalit}*. They are 
frequently associated with other deformations of the brain. 

3. Three cases of angioma plexiforme are reported. They resemble 
a similar lesion well known in the spinal cord. 

4. A network of venous spaces in the dura and communicating freely 
with the longitudinal sinus is offered as a cause of focal epilepsy begin- 
ning in the leg or arm. Its constant location suggests that it is probably 
the congenital -remains of an embryonic dural circulation. 

5. Angiomatous cysts exist throughout the brain, but with greatest 
frequency in the cerebellum. The size of the tumor embedded in the 
wall of the cyst is relatively insignificant. Intracranial pressure develops 
rapidly because of the cyst formation and the resultant hydrocephalus. 
Localizing s}Tnptoms are usually, but not always, present. These tumors 
cannot be differentiated clinically^ from other types of cysts of the brain. 

6. Cavernous angiomas assume many gross appearances. They are 
scattered throughout the brain, but appear to occur with greatest fre- 
quency in the frontoparietal region. The predominating symptom of 
this type of tumor is Jacksonian epilepsy with or without transient or 
permanent motor weakness. Pressure symptoms will develop if the 
tumor is situated near the ventricular channels or outlets. The typical 
tumors begin early in life ; they grow slowly, and the symptoms endure 
for many years. A clinical diagnosis can be made at times. 

7. Hemorrhage from the tumor is always a potential danger in all 
types of angiomas, though to a less degree than in arteriovenous 
aneurysms of the brain. 

8. Both the cavernous angiomas and the angiomatous cysts should 
be treated surgically by complete removal of the solid tumor together 
with a margin of contiguous brain tissue. Both of these types of tumor 
offer good prospects of complete cure and with relatively little risk. The 
tumors in the cysts are among the easiest tumors of the brain to extirpate. 
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must occur concomitantly elsewhere in the body, especially when it is 
recognized that these lesions are peculiar to the vascular system and not 
to the brain. Strominger (1903) demonstrated one of the early cases of 
cavernous angioma of the brain and called attmtion to an associated 
extensive nevus of the face which he considered highly significant. 
Finkelnburg’s (1905) patient had a cyst of the cord in addition to 
angiomas of the corpora quadrigemina and fourth ventricle. Koch’s 
(1913) patient had diabetes mellitus, and at necropsy, cysts of the pan- 
creas, cavernous angiomas of the liver, an angiomatous cyst of one cere- 
bellar lobe and a cavernous angioma of the other lobe were found. In 
addition, his patient had von Hippel’s disease, i.c., so-called angiomatosis 
retinae. This was the first instance of the association of the vascular 
lesion in the retina (assumed to be an angioma) and an angioma of the 
brain. In 1913, Oppenheim presented to the medical society four 
patients, in each of whom he suspected an angioma of the brain because 
congenital nevi of the face and body existed in association with long- 
standing symptoms of cerebral origin, mainly paralyses and convulsions. 
Although none of his diagnoses were checked by necropsy or operation, 
Oppenheim said, “An angioma of the brain must always be considered 
when vascular naeve of the face are present.” Berblinger (1922) 
reported another case of von Hippel’s disease in a patient who had a 
cavernous angioma of the body. 

The association of angiomatosis of the central nervous system with 
angiomatosis retinae (von Hippel’s disease) and cysts of the pancreas, 
liver and spine attained new importance with Lindau's splendid publication. 
He thinks that cysts or cavernous angiomas in the cerebellum occur in 
20 per cent of all cases of angiomatosis retinae. In half of his cases of 
angiomatous cysts of the cerebellum, there were cysts of the pancreas; 
and in two-thirds, cysts of the kidneys. Lindau considered these dis- 
turbances of the brain, retina, pancreas and kidneys a congenital malde- 
velopment complex. Since Lindau’s publication, Schuback (1927) and 
Wohlwill (1927) have published reports of cases of angiomas of the 
brain in which cysts of the spinal cord, pancreas and kidneys and angio- 
matosis retinae existed. Kufs (1928) reported a remarkable case of 
angioma of the brain with nevi of the bodj’ and many cavernomas of the 
liver. This patient's daughter had had a cerebral hemorrhage (from 
which she had recovered) at the age of 17. Kiit's looked on this hemor- 
rhage as a rupture of an angioma, and thought that the family indicated 
a hereditary basis for the angioma. 

In none of my cases has von Hippel's disease been observed, although 
the eyegrounds have always been carefully examined. The retinal jmc- 
tvire is so striking and characteristic that, once seen, it could not l>c 
missed. As most of the jjathologic material was ohtainefl at <»j)eration, 
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The greater portion of the experimental investigation which has 
been conducted heretofore for the study of the effects of occlusion of 
the abdominal aorta has been concerned with the changes in the volume 
of flow of blood through the posterior extremities and with the develop- 
ment of a collateral circulation. The fact that death has so often 
followed obstruction of the abdominal aorta in man has been frequently 
ascribed to the effect of this procedure on the heart. The purpose 
of this study was primarily to observe the effects of occlusion of the 
abdominal aorta on the heart. 

The importance of such a study is apparent from the consideration 
of the different views which have been expressed in two recent reports 
of successful ligation of the abdominal aorta. Matas ^ described the 
changes in a patient who lived for approximately one year after almost 
complete occlusion of the abdominal aorta. It is evident from this 
report that Matas believes that occlusion of the aorta produces important 
effects on the heart. He states: 

It is really surprising that the mj’ocardium, enfeebled by a protracted and most 
virulent syphilitic infection, a generalized polyarthritis of the spine, hip and knee- 
joint, accompanied by a constant high fever for months, should have survived the 
continued strain of aortic and pulmonary obstruction imposed upon the he.irt by 
the total occlusion of the abdominal aorta. 

More recently, one of us (B. B.=) reported a case in which the 
abdominal aorta was completely occluded for a period of three months. 
In discussing the effect of this procedure on the heart, it was stated: 

The heart was believed to be slightly enlarged before operation. At the time 
of death, three months after operation, the heart was found to be essentially 
normal. There was, therefore, no indication in this instance of the occlusion of the 
abdominal aorta affecting the heart in any way. 

-V similar difference of opinion has been expressed by two previous 
investigators who have studied this problem by experimental methods. 

From the Department of Surgery, Vanderbilt University Medical Scho(»l. 

1. Matas. Rudolph: .Ann. Surg. 81:722, 1925. 

2. Brooks, Barney: Ligation of the Aorta: Clinical and Experimental Stud.v. 
J. A. .M. A. 87:722 (Sept. 4) 1926. 
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The following possible objections to the experimental method require discussion: 
(1) the influence of the anesthetic and (2) the influence of the operative procedure 
nccessarj' for the occlusion of the aorta. In regard to the anesthetics used, the 
possible influence of morphine on the cardiac output was controlled b}’ the studies 
on the trained animals in which anesthetic was not used. In these experiments, 
the cardiac output was determined without any anesthetic. The animal was then 
' given an anesthetic and the aorta occluded. The cardiac output was subsequently 
determined after recovery without any anesthetic. As regards the effect of ether 
anesthesia, in other experimental work not included in this paper, one of us (A. B.) 
has shown tliat the administration of ether in an amount comparable to that used 
in these experiments always results in an increase in the cardiac output. An 
example of an experiment showing the influence of ether on the cardiac output is 
given in table 1. It has alreadj' been adequately established that neither of the 

Table 1. — Effect of Ether IVithout Operation on the Cardiac Output 
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8.00 
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• • 
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7.30 

1148 
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Protocol: S/12/S6, control study performed niter girintr % grain ol morphine. Dog then 
given ether anesthesia through a mask seven minutes until the eye reflexes trere barely 
abolished, and a dctcnninatlon of the output made. The ether tvns discontinued lor a lew 
minutes and then the animal was again given an anesthetic for seven minutes and another 
ilctcmilnntlon of the output made. The last studies trerc mode two hours after the ether 
was discontinued. Animal was quiet during an the observations. 


drugs used as an anesthetic in the amounts used in these experiments causes any 
appreciable alteration in blood pressure. The possible influence of the operative 
procedure necessary for ligation of the aorta was controlled by determinations 
of the cardiac output and blood pressure in five experiments in which the abdomen 
was opened and the aorta isolated without being occluded. This procedure tras 
usually followed by a deflnite increase in the cardiac output and produced only 
temporary changes in the blood pressure. The results of these experiments are 
shown in tables 2 and 3. 


RESULTS 

It is obvious that it is impossible to make observations on both the 
blood pressure and the cardiac output on a single animal for more 
than a relatively short period of time by the methods used in this 
study. In most of the experiments, therefore, the effects of occlusion 
of the aorta on the blood pressure and on the cardiac output were 
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Kast,® from a series of experiments in which he studied the effect of 
obstruction of the aorta on the blood pressure, found that there was 
little, if any, change in the blood pressure in the artery proximal to 
the site of occlusion. From these experiments, Kast concludes that 
ligation of the abdominal aorta is not to be considered as endangering 
life from its effect on the heart. Katzenstein,^ from a similar experi- 
mental study, found that occlusion of the abdominal aorta resulted in 
an elevation of the blood pressure in the artery proximal to the site 
of obstruction, and that animals having had the abdominal aorta 
obstructed for a considerable period of time showed dilatation and 
hypertrophy of the heart. From these experiments, Katzenstein con- 
cludes that obstruction of the aorta results in placing on the heart 
of the patient an extraordinarily great strain. 

The basis of this paper is the observations of the effect of occlusion 
of the abdominal aorta on the blood pressure, the cardiac output and 
the distribution of the blood volume. 

METHODS 

Dogs were used in all experiments. For the operative procedure necessary for 
occlusion of the aorta, some form of anesthetic was always employed. Ether was 
usually given for the opening of the abdomen and isolation of the vessel. All of 
the observations on blood pressure were made on dogs anesthetized with morphine. 
Some of the determinations of cardiac output were made on dogs trained to 
submit to this procedure without anesthetic. The blood pressure was determined 
by placing cannulas, which were connected with mercur}' manometers, in the 
carotid and femoral arteries. The cardiac output was calculated from the deter- 
mination of the oxygen content of samples of blood from the right and left heart, 
taken during a period in which the consumption of oxygen was measured. The 
consumption of oxygen was determined by a Benedict spirometer with the graphic 
recording device. The animal was connected with the spirometer either by the 
use of a specially constructed mask which fitted tightly o\'er the mouth or by a 
tube placed in the trachea. Specimens of blood for gas analyses were withdrawn 
with tlie usual precautions from the right and left ventricles. The oxygen and 
the carbon dioxide of the specimens of arterial and venous blood were determined 
by the use of the Van Slyke-Neill ‘ manometric apparatus. The circulatory minute 
volume was calculated from the Pick formula : 

Cc. Os consumed per minute N'uraber of cubic centimeters 

= of bloud flowing through 

.Amount of Os taken up in lungs by 1 cc. of blood lungs per minute. 

In ail experiments in which the animals were to l>c studied for long period!!, 
.an aseptic operative technic was employed, and the complete obstruction of the 
abdominal aorta was made certain by the division of the vessel between ligatures 
or the careful examination of the vessel at autopsy. In .all experiments in which 
the ciTect of tlie occlusion of the .atirta on the cardiac output was determined, one 
or more control determinations of the cardiac output were made previous to the 
institution of any other experimental pnwedures. 


3. Kast, A.: Deutsche Ztschr. f. Hiir. 

4. K.ati’cnstein. M.: .\rch. f. klin. lliir. 76:5S1. mt.*:. 

Van Slyke. 1). 'D.. .and Xeill. .1 M.' ,1. lii..I. Chi-m. 6I;5i.\ 
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The rate of the consumption of oxygen usually remained about 
the same after occlusion of the aorta as in the control period. The 
decrease in cardiac output was, therefore, manifest for the most part 
by an increased difference between the oxygen contents of tlie samples 
of arterial and venous blood. The arterial oxygen content was found 
unchanged or slightly higher after the occlusion of tlie aorta. The 
arteriovenous difference was usually changed by variation in the oxygen 
content of the venous blood. There was a slight increase in the oxygen 
capacity in those experiments in which this was determined. The 
pulse rate increased in varying degrees. 

Table 8 . — Effect of the Ligation of the Abdominal Aorta on the Cardiac Output 


Date 
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9.06 6.19 88.72 87.45 102 1965 222 16 

9.00 5.48 89.94 46J8 118.0 2062 224 18 

9.41 6.67 80.11 46.74 112.5 1034 220 IT 


8.7 180 102.2 14.84 10.02 4.82 37.31 89.00 94.6 1901 223 11 

8.6 180 103.2 12.77 0.94 6.88 40.00 42.17 90.0 1544 182 9 

7.7 150 104 0.93 2.01 7.02 36.01 87.42 101 1429 187. 9 


Protocol: Healthy young male dog. 9/80/28, 10/2/20 and 10/5/20, control studies vltfao^ 
morphine. 10/5/20, aorta ligated tirice above trifurcation ond cut between ligatures, the 
lowest lumbar artery on the right side was also ligated. 10/6/20, animal able to walk using 
left foot, but drags the right one. Studtes made twenty-four hours after operation without 
morphine. 10/7/26, twenty-four hours after ligation, determinations without morphine. Anlwi 
still unable to use his right leg in wolking. 0^ right leg Is definitely cooler then the len. 
10/19/20, dog docs not look weu, but Is able to walk. Superficial Infection of Incision. 
charge from nose. Determinations. 10/12/20, onimal died. Nothing found at autopsy, w 
account for death. No pneumonia. No apparent enlargement of heart. No thrombi In heart, 
l/lgature on aorta in place, no thrombosis. No peritonitis. No gangrene of extremities. 
Superficial Infection of Incision. 


(b) The Effect on the Blood Pressure of Occlusion of the Abdominal 
Aorta . — Fourteen experiments were performed in which the blood 
pressure in the carotid and femoral arteries was determined before, 
during and after the occlusion of the abdominal aorta. In twelve of 
these, the blood pressure was recorded continuously tliroughout the 
experiment and the animal was killed at its termination. In the 
remaining two experiments, the aorta was completely occluded and the 
animals were allowed to recover. The general condition of the two 
animals was observed from time to time, and studies of the determina- 
tions of the blood pressure were carried out after five and eight months. 

In twelve experiments, the duration of the study varied in time 
from less than an hour to more than ten hours. The blood pressure 




BROOKS ET AL.— LIGATION OF ABDOMINAL AORTA 791 


Studied separately. In four experiments, however, the blood pressure 
was- recorded continuously and the cardiac output determined repeatedly 
for periods as long as the general condition of the experimental animals 
could be maintained sulEciently well to make the observations of value. 


Table 2.— Effect of Exposure of the Aorta Without Ligation on the 

Cardiac Output 
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Frotoool: 10/8/80, benltby youns male dosr, control studies rritbont morphine at 3:80 
p. m. at 4: 80 p. m., under ether anesthesia, the distal abdominal aorta was exposed and 
Isolated but not Heated, 9: 00 p. m., four hours after completion of operation, second studies 
were made. 10/0/^ twenty^cieht hours after operation, studies made without morpblne. 


Table 3.— Effect of the Cardiac Output of (1) Ether Anesthesia, and 
(2) Expositre of the Aorta Without Ligation 
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The results of these four experiments are shown in Ui1)Ie.<t *1, 5, 6 
and 7, and in iigure.s 1 and 2. 

(a) The Effect on the Cardiac Output of Occlusion of the Abdominal 
Aorta . — ^In the study of the effect of occlusion of the aorta on the 
cardiac output, fifty-seven tletemiinations of the cardiac output were 
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was found to remain relatively constant during the control period of 
the study. It became slightly elevated during the administration of 
a small amount of ether preliminaiy to operation. A temporary fall 
in blood pressure resulted from opening the abdomen and exposing 
the aorta. Sufficient time was allowed to elapse for the pressure to 
reach a constant level and then the aorta was occluded. This pressure 
was usually slightly lower than that which was present at the beginning 
of the experiment. Immediately following occlusion of the aorta, there 
was an ^.verage rise of 10 mm. of mercury in the carotid pressure 
in the nine experiments in which the mean pressure was recorded. 
Simultaneously, with the occlusion of the aorta, there was always a 
momentary stiffening of the posterior extremities. It is possible that 
this caused the rise in pressure. The elevation in the carotid pressure 
did not persist longer than two minutes in any instance. This 
preliminaiy rise in the carotid pressure was followed by a momentar}* 
decline, which in turn was followed by a slight elevation over a period 
of from five to ten minutes. The level reached at this time was usually 
maintained for several hours. In no instance was a marked subsequent 
rise encountered. These points are illustrated in chart 3. 

Immediately after occlusion of the aorta, there was an abrupt fall 
in the pressure in the femoral artery. The rate of rise in the femoral 
pressure following the sudden decrease was variable. The greatest 
increase which was encountered ^vas an elevation of 16 mm. of mercury 
forty minutes after the occlusion had been produced, and it remained 
at this level for several hours. The results of these experiments are 
recorded in table 17 and represented graphically in chart 4. 

In the remaining two experiments, the remote effects of occlusion 
of the aorta on the blood pressure were studied. Recovery from the 
operation, in which the abdominal aorta was occluded, was uneventful 
in each instance except for weakness and stiffness of the posterior 
extremities which persisted for two and five days respectively. Both 
of these animals were able to use their legs in walking .shortly after 
regaining consciousness from the anesthetic. .\ palpable femoral ])ulsc 
was first noted in one animal four months after the ligation of the 
aorta. One month later, the mean carotid pressure was 150 mm. of 
mercury, and the mean femoral pressure 114 mm. of mercury. In the 
other animal, a palpable femoral pulse was detected three months 
after the operation. Five months later, the mean carotid pressure 
was 118 mm. of mercury, and the mean femoral pressure wa> lOS 
mm. of mercury. At autopsy, the terminal aorta was found m he 
occluded completely in both of the.«e animals. TJiere was no evirh-nce 
of hypertrojihy of the heart. 



Table 9. — Effccl of the Ligation of the Abdominal Aorta on the Cardiac Output 
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Protocol: O/n/X, 9/13/2G and OtVlliO, control studies with and without morphine. 0/17/2G, 
terminal aorta Heated twice and divided between Ileatures. 913DI3B, doe able to walk. Iiooks 
fairly well. OlSi/sa, animal has eoBfirene of both feet of the posterior extremities. Ho was killed 
after the determination. The eancreno was sllebtly more marked In the left foot. Supcrflcinl 
eanerene extended up Into the thleh. That In the skin and subcutaneous tissues extended to 
n hlEber level than that In the muscle. There was no thrombus In the proximal end of the 
aorta, but there was a small one in the right iliac vessel. Tberc was n mural antemortem 
thrombus on the wall of the left ventrlele. Observer was unablo to tell whether or not the 
divisions of the terminal aorta had been occluded by the ligature. 


Table 10. — Effect of the Ligation of the Abdominal Aorta at the Trifurclition 
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Protocol: 1/0/20, control study, 1 grain of morphine. 1/7/20, aorta ligated 0 cm. above 
trifurcation, two lower lumbar arteries also being ligated. Dog did not give oppeurnnee of 
being In shock. 1/8/20, determinations made after l grain of morphine. Unable to wolk. 
Condition seemed good. 1/9/20, animal died. Xo peritonitis, small amount of consolidation 
of lungs, ligatures on aorta In place. 


Table 11. — Effect of the Ligation of the Abdominal Aorta on the Cardiac Output 
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l*rotflcol: 9/27/2?. control study after 1 groin of morphine. Tlie terminal aort.'i ws 
ligated twice and divided between the ligatures. 9'2S/2C. study after grain of 
Dog looked badly, not able to walk. Some mrdling of the posterior extremities, f, 
animal dieil. Tliere was an enormoii* amount of swelling of the po«terlor extrcmltiee wim 
exteadol up Into tlK* lower abdominal wall. Tliere was no tlirombii® In the proximal anna 
enr in the re'p'l< below the trifurcation. Xo thrombus In the heart. 



BROOKS ET AL.— LIGATION OF ABDOMINAL AORTA 805 


(c) The Effects of Occhision of the Abdominal Aorta on the 
Distribution of the Blood Volume. — ^The method of study of the effects 
of occlusion of the. abdominal aorta on the distribution of the blood 
volume was as follows : A dog was anesthetized with ether and securely 
fixed to a board which was balanced in the same manner as the platform 
balance. A pointer attached to one end of the board was adjusted to 
trace a line on a revolving kymograph. With this adjustment the res- 
piratory movements caused the point to trace a cur\'e on the k3mograph 
paper similar to that obtained by the usual method of obtaining respira- 
tory tracings. A clamp was then adjusted so that the abdominal aorta 
could be obstructed and released without disturbing the balance of the 
animal board. It was found that alternate obstruction and release of 



Chart 4. — The average height of blood pressure in the carotid and femoral 
arteries at various times during observations on the nine experiments in which 
the mean pressure was measured. In the control part of the experiment and after 
exposure of the aorta, the pressures were allowed to reach constant levels. These 
constant levels were measured, and their a>’cragc height is shown at the left hand 
side of the figure. In the blood pressure tracings from these nine experiments 
the height of the two pressures wms measured immediately after the occlusion of 
the aorta, also two, five, ten, twenty and forty minutes after <H.‘clusion. Tlic 
average pressure thus measured is plotted accurately as to time and pre.<surc in 
millimeters of mercurj'. 

obstruction of the abdominal aorta resulted in immediate chaiigf.s in the 
balance of the animal. Immediately after obstruction of the aorta, the 
end of the board toward the po.sterior asjxct of the animal would rise. 
This relative change in the weights of the posterior and anterior aspects 
of the nnimalV body persisted for the entire duration r»f each observa- 
tion. It is obvious that the nature of the conditions made it impo^silde 





Table 14. — Effect of the Ligation of the Abdominal Aorta 
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Protocol: 12/0/25, control study followed by ligation of aorta; aorta divided between 
two ligatures. 12/10/25, studies without morphine. Dog looks wdl, but cannot walk. 12/11/25, 
animal able to walk, looks well. 12/12/25, looks wdl. Infection of incision line. 12/15/23, 
increase in amount of Infection of Incision, abdomen soft on palpation. 12/10/26, InfecUon 
of incision about the same. Animal killed, no general peritonitis, lilgatures on aorta in 
place. Animal injected with bismuth sulphate, good collateral circulation shown by x-ray 
examination. 


Table 15. — Effect of the Ligation of the Abdominal Aorta on the Cardiac Output 
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Protocol: S'23/2C, healthy female dog. Control study after 1 grain of morphine. The 
aorta was ligated tirice Just above the trifurcation and divided between the ligatures after 
tlie control determinations. 8/26/26, looks wdl. Quiet during determinations. 9/2/21^ animal 
quiet during determinations. 0/10/26, animal fairly quiet during determinations. 9 / 20 / 26 , ani- 
mal restless daring determinations. 10/6/26, 6/4 grains morphine. Animal quiet during 
determinations. Looks ^rdl. 10/8/20, 6/4 grains morphine. Animal quiet during deter- 
minations. Femoral arterial pulsations fdt. Os content femoral artery was 17.19; CO: con- 
tent 51.91. 
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the curve traced by the writing point assumed an almost constant level. 
If the clamp was then removed from the aorta, the weight of the 
posterior aspect of the animal’s body became immediately greater. The 
amount of relative increase in weight of the posterior aspect of the 
animal’s body was such that the \vriting point descended on the 
kjnnograph paper to a level lower than before the aorta was obstructed, 
and there was a visible hyperemia of the skin of the posterior 
extremities. 

From the results obtained from these relatively crude experiments, 
it was obvious that occlusion of the abdominal aorta resulted in an 
immediate shifting of the blood volume from the vessels on the distal 
aspect of the obstruction to those proximal to the point of obstruction. 
This is in contrast to the generally accepted opinion that slowing of 
the circulation is associated with an accumulation of blood in the 
peripheral vessels and fluid in the tissues. It is, of course, obvious 
that the results obtained in these experiments are only indicative of 
what happens immediate!}' after the occlusion of an artery. The 
relationship between edema and arterial obstruction has already been 
discussed in a previous publication.^ It might be that the increased 
blood volume in the anterior part of the animal’s body was contained 
in a dilated heart or congested pulmonary circulation, but it would 
seem as if such a condition would be associated with increased blood 
pressure in the aorta. Such is not the case. The possible importance 
of the changes in the distribution of blood volume immediately following 
occlusion of the abdominal aorta as a factor influencing the changes 
in the blood pressure will be discussed later. 

COMMENT 

The results of the experiments described in this paper bear 
particularly on the study of the effects on the heart of occlusion of 
the abdominal aorta. The experiments show that occlusion of the 
abdominal aorta results in the following changes: 

1. The cardiac output is decreased. 

2. There is little, if any, change in the blood pressure in the artery 
proximal to the occlusion. 

3. Immediately following the occlusion there is a transfer of the 
blood volume from the distal to the proximal aspect of the 
obstruction. 

The amount of work which is done by the heart is expressed by 
the following formula: W = ^Ip plus ^^^in which W is the work 

7. Brooks, Barney : Pathologic Changes in Muscle as a Result of Disturbances 
of Circulation: .\n Experimental Study of Volkmann’s Ischemic Paralysis, Arch. 
Surg. 5:18S (July) 1922. 
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to observe the change for a long period since an}' movement in the 
animal’s body operated to change the condition of balance. 

The result of the release of the obstruction of the aorta ^^•as 
particularly interesting. If the animal was brought into a state of 

Table 16. — Effect of the Ligation of the Abdominal Aorta at the Trifurcation 
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Protocol: 1/14/20, control studj', l firoLn morphine. l/lS/SC, oortn llirntnl Just above the 
trlluTcation. Animal able to xrallc three hours follovlne completion of the operation. X-ray 
examination at this time aboxred normal heart and lunRS. Studies made nine hours follow* 
Inff completion of the operation % sraln of morphine used. 1/1C/2G, prnln, third 
series of obsetTations made. I/IS/S^ evidence of distemper. 1/21/20, animal diet!. X*rny 
examination previous to death sbowed pneumonia on left side and a lienrt of nonnal size. 
Autopsy revealed extensive pneumonia. Ligatures on aorta in place. 


Table \7.--Efjcct on (1) the Mean Carotid Blood Pressure and {3J the Mean 
Femoral Blood Pressure of Ligation of the Abdominal Aorta * 
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* Tlds table shows tiie actual pre?.Mire« in niilliinrlirs uf rncreurj' In rarntM and 
femoral arteries In nine experiments in which Uh' mean prc^«ut^' wai. m«-a»un’*l. 'nu- ii;*-s‘uri- 
ments were taken diirlnf: tin* rontrol portion of tiie ex|i»riiiient. iniinvillittrl!' niter ixt>o.!:;e 
of the aorta. Immediately before ocehirlon of the .norta. Iinmedlatrly niter ('-eln'kia »>f tti*- 
aorta, and tu'o, five, ten, twenty and forty minutes after itt onlus'.nn. Tin* ntiray*-- uf 
these are piven belon*. These arc ttie flyuivs plotted In fipure 4. 


Iinlancc .md a clamp apjilied lo the aorta, the iKi.'-tcnor aspect trf tlit? 
animal would become rcl.'itively lighter, and the wriiing p'lini nt ilu- 
foot of the Ihalance Iwartl would make a tracing at a higher level on 
the kjnnograph paper. If the champ oh-'inicting the aorta wa*- theJi 
alltiwed to remain in a po.sition f«»r a jM-riod of five or ten sninute'. 
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seems possible that if the experimental animal was in a condition in 
which the blood pressure was low and the functioning blood volume 
was decreased, then obstruction of the aorta and the consequent shifting 
of the blood volume from the distal to the proximal aspect of the 
obstruction would operate to increase the blood pressure in the base 
of the aorta. In order to test this, some additional experiments were 
performed in which the effect, of occlusion of the aorta in animals 
with low blood pressure was studied. It was found that if the blood 
pressure in the carotid artery was low, then occlusion of the aorta 
resulted in a small temporary rise of blood pressure which was appar- 
ently not different from that observed in animals in which the blood 
pressure was normal. If the aorta \vas obstructed in an animal in which 
the blood pressure was low and if sufficient time was allowed to elapse 
for the disappearance of the temporary rise in the carotid pressure, 
then release of the obstruction of the aorta resulted in a marked sudden 
fall in the carotid pressure which slowly returned to the former level. 
The form of the blood pressure curve, immediately after the obstruction 
and release of obstruction of the abdominal aorta, is such as to suggest 
that the changes in blood pressure on the proximal aspect of the 
ligature is due to the changes of the distribution of the blood volume. 
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of the heart, M is the mass of blood put out in a unit of time. P 
is the average arterial pressure and V is the velocity of the blood at 
the base of the aorta during ventricular expulsion. From a study 
of the relationship existing between the various factors of this formula, 
it is clear that the substitution in it of the values resulting from obstruc- 
tion of the aorta would not increase tlie \'alue of the factor W. The 
fact that blood pressure in the base of the aorta is so little altered by 
the relatively great changes in the conditions of the peripheral circulation 
which must follow the occlusion of so large a vessel, as the abdominal 
aorta, is evidence of the importance of the vagopressor reflex which 
operates to keep the arterial blood pressure constant in the presence 
of alterations in venous pressure and cardiac output. 

The fact that the conclusions reached in this study arc contradictory 
to those of Katzenstein desen'es a word of comment. From a study 
of the experiments described in this paper and those described by 
Katzenstein, it is dear that the effects on the blood pressure observed 
immediately after obstruction of the aorta are not essentially different. 
In Katzenstein’s experiments, the most marked elevations of blood 
pressure observed and attributed to the effect of ligation of the aorta 
were in instances in whidi the intra-arterial tension was determined 
before the aorta was ligated, and then again after periods of from 
three days to four weeks. 

In the experiments described in this paper, great care was taken 
to observe the effects of occlusion of the abdominal aorta under condi- 
tions of the circulation which were as nearly nonnal as possible. From 
a study of the protocols of the experiments described by Katzenstein. 
it appears that in at least some of his experiments the blood pressure 
was abnormally low at the time the aorta was obstructed. ^lost of 
his experiments were conducted on animals ancstlictizcci with 
chlorofonn. This anesthetic produces marked effects on the blood 
pressure. Some of Katzensteins experiments were performed on 
animals paralyzed with curare. Although this drug apparently <loes 
not have any effect on the blood prc.»!sure, it is probable that the experi- 
mental animal under the influence of curare is in a condition in which 
other factors produced changes in Idood pressure whicli would not 
occur if this drug had not been admini.stcrcd. 

In the experiments conducted for this sstudy in which the e.\j>eri- 
inent.'il animals were examined after relatively long periotls ha<I elap-^ed 
since the occlusion of the aorta, no evidence was found i»f hypertrophy 
of the heart. 

It was thought that the shifting of the hli>od volume in the aiuinalV 
body might account for some of the changes in the hlo-»'l pn-'ttre 
ohserved to follow ligation of the alwlominal a«irta. I'«ir e.\;srnp!e. i; 
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of tlieir concentrations, expressed in milligrams per hundred cubic centi- 
meters of scrum, equalled a certain minimal figure, which lay roughly 
between 30 and 40. 

In 1924, Petersen® studied a series of clinical cases of nonunion, 
and a series of dogs after experimental fracture. He believed that the 
underlying basis of many cases of nonunion was made manifest in a 
deiicienc}' in either a subnormal calcium or an inorganic phosphorus con- 
tent of the serum. He used the calcium and phosphorus product 
advocated by Howland and Kramer to show this deficiency. He found 
the optimum product for healing to be between 35 and 40, while products 
less than 30 were the rule in patients with nonunion. 

Since our work was carried out on patients suffering with fractures 
at diversified sites, it seemed necessary to obtain for study a series of 
cases in which the fractures occurred at the same site and were produced 
in the same way in persons of approximately the same age. It was 
necessary, therefore, to utilize an experimental animal for this work. 

We wished to ascertain: (1) whether ossification would occur in a 
shorter period of time in the normal animal after the administration of 
parathyroid extract-Collip, which increases calcium retention in tlie 
blood, tlian in the normal control animal; (2) whether cod liver oil 
alone, which increases phosphorus and sometimes calcium retention in the 
rachitic animal, would have any beneficial effect on ossification in the 
normal animal ; and (3) whether union would occur after a considerable 
fall in the serum calcium, as is found after thyroparathyroidectomy. 

EXPERIMENTAL WORK 

Small young dogs were used for this work. The site selected for fracture 
was the radius, just below the middle of the shaft. The bone was exposed and 
fractured with a chisel. After fracture, the wound was closed and a molded 
aluminum splint was applied. All operations were performed under careful 
aseptic- technic and no infections occurred. The dogs were healthy stock ani- 
mals, of about the same age, but they did not belong to the same litter. They 
were kept on a diet of dog biscuits and milk, and were given as much as they 
would cat. 

Fracture was produced in: (1) normal control dogs, (2) dogs receiving 
20 cc. of cod liver oil daily, (3) dogs in which the scrum calcium level was 
raised by the administration of parathyroid extract-Collip and (4) dogs in which 
the scrum calcium level was lowered b}’ thj'roparathyroidectomy. 

The last mentioned animals were prepared for thyroparathyroidectomy by the 
method of Jones,* i. e., feeding 20 cc. of cod liver oil daily, beginning two weeks 
before the rcmoml of the glands. Only one dog lived until union of the fracture 
was complete. This one was in excellent condition and was killed 186 days after 
thyroparathyroidectomy. 

5. Petersen. Hcnr>' A.: J. Bone & Joint Surg. 22:885, 1924; Bull. Johns 
Hopkins Hosp. 35:378, 1924. 

6. Jones. J. H.: J. Biol. Oiem. 70:647. 1926. 
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In 1926, one of us (I. S. R.) with Jonas ^ studied the serum calcium 
and inorganic phosphorus in a series of patients with fractures at 
diversified sites. From this study we were doubtful as to whether the 
serum calcium and inorganic phosphorus content in clinical cases could 
be used as a prognostic index for union or nonunion in the majority of 
instances. 

• 

In 1924, Shipley^ investigated conditions under which calcification 
occurred in vitro. He found that in slabs of completely rachitic bonc.s, 
incubated in normal serum, calcification occurred promptly, whereas 
sections of the same bone in rachitic serum failed to calcify. In 1926, 
Shipley, Kramer and Howland* repeated and confirmed Shipley’s 
results, and showed, also, that calcification occurred promptly in slabs 
of rachitic bone incubated in solutions of inorganic calcium and phos* 
])horus in concentrations similar to those of normal serum. It was their 
opinion that failure to produce calcification in vivo was deiiendent on 
an insufficient concentration of calcium and inorganic phosi>horus in the 
fluids around the growing bone. Remarkable as it may seem, these 
investigators found that calcification in vitro occurred within from 
sixteen to twenty-four hours when the concentrations of inorganic 
calcium and phosphorus were 7 and 5 ing.. resjicctively. per hundred 
cubic centimeters as well as when they were 10 and 3.5 mg., respectively. 
In 1922, Howland and Kramer * published the results of a study of 
the calcium and phosphorus of the scrum in children with rickets and 
in those with rickets complicated by tetany. They believed that the 
determining factor in the calcification of bone in these cases was the 
presence of c.ilcium and iihosphonis in such amounts that the product 


♦From the I-.nl»oralory of Surpic.il RfM-.nrch ami ilu- Willi.-mi 
tory, Ihiivcrsily of Pennsylvania. 

1. R.nvdin, I. S.. .mil Jonas. I..: Ann. Fiirc. 34:.*'. V>2''. 

2. Shipley, P. G.: Hull. John.s Hopkins ll.>ip. 35;.?i»4. P^’-S. 

3. Shipley. P. G.; KranuT. Beiijamin. and Ilmvlan !. Jj: ..••t-m. J. M: 

.vO. 1020. 


•4. Ilowlanil. .lohn, and Kr.mn-r. llenjaniin: Tr. .‘on Pf’.i.^* 


>■ 34:2 1:, I'.JJ 
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in mols; column 3 , the serum inorganic phosphorus in milligrams per 
hundred cubic centimeters ; column 4 , the serum inorganic phosphorus in 
mols; column 5 the calcium and phosphorus product, advocated by 
Howland and Kramer'* and later b)’’ Petersen,® and column 6, the 
(PO4S) in mols (determined according to. Holt, La Mer, and Chown.® 
In columns 6 and 7 , we assume a pa of 7 . 4 . Column 7 shows the 
Ca3 (P04)2 ion product and column 8, the negative logarithm of the 
Caa (P04)2 ion product, as advocated by Holt.^® Holt concluded that 


Table 2. — Calcium and Phosphorus Values Immediately Before and After 

Fracture, and at Union 
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the ion product. (Ca**) ® X (PO4S)®, is a more accurate criterion of 
the rate of deposition of Caj (P04)2 than is the empiric Ca X P 
l)roduct. 

It can be seen that the calcium and phosphorus product, or the 
Ca- (P04)2 ion product, or the negative logarithm of the Ca., (P04)2 ion 
product could not have been used as a prognostic index for the rate of 
ossification in these experiments. Although in dog 12 the ion product 

9. Holt, L. Emmett; La Mcr. Victor K., and Oiown, Bruce H.: J. Biol. 
Gicm. 64:509, 1925. 

10. Holt, L. Emmett: J. Binl. Qiem. 64:579. 1925. 
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Calcification ^vas followed by x-ray pictures the tenth day after fracture 
and as nearly as possible every week thereafter. 

The serum calcium was determined b}' tlie method of Kramer and Tisdall,' and 
the serum inorganic phosphorus b}’ the method of Fiske and Subbarow.* Estima- 
tions were made every two weeks, except in the hypcrcalcemic and hj-pocalccmic 
dogs, on whom estimations were made more frequently in an attempt to more 
carefully follow the levels. 

RESULTS 

Table 1 gives the x-ra}' obsen*ations. This work was done by 
Dr, Henry Pancoast of the Hospital of the University' of Pennsyh'ania. 

Table I . — Report on X-Ray Obsen'otions 
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The x-ray' exaniitiation coincided closely with the phy.^ical c.v.'itnin.niion 
of the extremity' and at the time that the njentgen-ray picture showed 
tmion. the animal was able to walk without a limp. The nnmher of •hay.- 
in this table is not absolute. Several \'ary as much a> two »)r three <Iay>. 
In dogs 15. 22 and 36. certain jdates untoriunately were lo-i. 

Table 2 shows the calcium and phosphorus values (ir ) imuiedi.'tiely 
before fnacture, (/>) immediately .after fr;u*ture aiul icj at the time iti 
union. Column 1 jshows the serum ealeium coiitetit in millier;:!ji>- • i .- 
humlred cubic centimeters; column 2. the >erum c;ilcinm foite!-; 
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and partly as tricalcium phosphate. The enzyme (phosphoric esterase) 
hydrolyses the ester, and liberates inorganic phosphorus which is 
deposited as Caj (PO^)™. This theorj* is enticing, but as yet sufficient 
evidence has not been forthcoming to substantiate tlie fact that a 
deficient amount of esterase may account for some of tlie cases of 
nonunion after fracture. 

In our own cases union occurred in every instance, with the exception 
of two animals (hypocalcemic) who did not live a sufficiently long time 
for ossification. In the one dog in whidi the serum calcium content was 
maintained at an abnormally low level, but whose phosphorus level had 
increased above normal, union occurred although it took approximately 
hvice the average normal time. Surdy if a low calcium content in itself 
is the cause of nonunion, it should have occurred in this animal. A 
deficient serum calcium in this case, however, produced delayed union. 
There is, however, the question as to whether or not a deficient serum 
calcium produced other than by thyroparathyroidectomy may result in 
nonunion. On this subject, we have no experimental data. We have 
not entered into a discussion of the diffusible and nondiffusible calcium 
in these animals. 

SUMMARY 

1. A study of the serum calcium and inorganic phosphorus after 
fractures in normal, hypercalcemic and hypocalcemic dogs is presented. 

2. We have not been able to prognosticate the rate of ossification 
after fracture from the calcium and phosphorus product, from the ion 
product or from the negative logarithm of the ion product. 

3. The marked decrease in serum calcium after thyroparathy- 
roidectomy retarded ossification, although it did not prevent union. 

PROTOCOLS 

Dog 36. — Control (without cod liver oil). 

March 21: Scrum — ^Inorganic phosphorus = 2.9 mg. per hundred cubic centi- 
meters. 

Calcium = 11.6 mg. per hundred cubic centimeters. 

March 23: Radius fractured. 

April 2 : X-ray picture showed slight periosteal reaction. 

April 4 : Scrum — Inorganic phosphorus = 3.5 mg. 

Calcium = 11.4 mg. 

.■\pril 13 : Scrum — Inorganic phosphorus = 3.6 mg. 

Calcium = 11.5 mg. 

.\pril 16 : X-ray picture showed good external callus. 

.•\prll 23: X-ray picture showed considerable callus with union. 

Dog -/S.— Control (no cod liver oil). 

March 28: Scrum — ^Inorganic phosphorus = 3.8 mg. per hundred cubic centi- 
meters. 

Calcium = 10.9 mg. per hundred cubic centimeters. 
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is higher than in the other animals, it should be remembered that this 
product is to the negative twenty-fifth power, so that the actual dif- 
ference is exceedingly small. The ion product in dog 17 was higher for 
a time than that of the control dogs, yet ossification took nearly twice 
as long. 

In the control animals and in those fed on cod liver oil. ossification 
occurred within approximately the same period of time. 

In the hypocalcemic animals, evidence of callus was not found in one 
dog after sixteen days; very slight callus was found in one dog after 
twenty-seven days; in the third animal, union was obtained in seventy- 
one days.” 

Greenwald,” in 1926, and Hunter and Aub,” in 1927 . found an 
increased excretion of calcium after the administration of parathyroid 
cxtract-Collip. The amount of calcium lost could have come only from 
the bones. Dog 60, which required forty-five days for union, refused 
food for some days when the serum calcium was maintained at a level 
of 18 or 19 mg. per hundred cubic centimeters, and only after reduction 
of the serum calcium did he again eat. It is possible that, on the inaile- 
quate diet, enough calcium was drained from the bones to delay ossifica- 
tion. It is our opinion that parathyroid extract should be used with 
caution in cases of fracture. 

COMMENT 

It is highly improbable that any single factor is the cause of nonunion 
in the majority of instances. In one instance it may be due tf) the inter- 
position of soft parts; in another, to an inefficient blood .sui>ply at the 
site of fracture due to injury or location ; in another, to damtige to the 
periosteum, and in .still another, it may be due to an insufficient aim unit 
of the inorganic coinstilucnts of the blood which take |)art in ossification. 

Although a deficient inorganic phosjihorus or calcium content of the 
serum may be the cau.se of abnormal or faulty ossification in the growing 
hone or in certain of the bone dy.scrasis, it has been our experience that 
this factor is a rare one in the clinic.al patient with mniunion after 
fracture. 

Robison ” advanced the theory that calcification dejicndo on tin- 
activity of an enzyme .•secreted by the osieolilasts and hypertroj»!iic 
cartilage cells. He stated the belief that calcium ami phoiplii.n!' e.\i‘t 
in the blood and other tissue fluids partly a« calcium pliro-ph-.ru' e-t.-r* 
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June 2 : X-ray picture showed very slight callus. 

June 6: Scrum — Inorganic phosphorus = 3.3 mg. 

Calcium = 11.8 mg. 

X-ray picture showed slight callus formation. 

June 11 : X-ray picture showed more callus. 

June 20: X-ray picture showed considerable external callus witli union. 
Dog 22 . — Cod liver oil control. 

April 27 : Fractured radius. 



Fig. 2 (dog 48 ). — A shows the bone ten days after fracture; B, forty-five days. 

April 29: Serum — ^Inorganic phosphorus = 4.7 mg. per hundred cubic centi' 
meters. 

Calcium = 11.7 mg. per hundred cubic centimeters. 

May 7: X-ray picture showed very slight callus. 

May 13: Scrum — Inorganic'phosphorus = 5.8 mg. 

Calcium = 11.7 mg. 

May 14 : X-ray picture showed considerable external callus. 

May 28 : Scrum — Inorganic phosphorus = 4.5 mg. 

Calcium = 11.2 mg. 

June 5 : X-ray picture showed union w'ith considerable external callus. 




RAVDJN-MORRISON—OSSIFICATIOX AFTER FRACTURE S19 


March 30: Fractured radius. 

April 6: No callus. 

April 11 : Serum — Inorganic phosphorus = 3.5 mg. 

Calcium = 11.3 mg. 

April 16: No callus. 

April 25 : Scrum — ^Inorganic phosphorus =r 3.3 mg. 
Calcium = 11.9 mg. 

X-ray picture showed slight callus formation. 
April 30: X-ray picture showed more external callus. 



Fig, 1 (<Iog 36 ). — A ."shows the bone tcJi «l*iys after fracture: /». thirty ila\>. 

May 7: X-ray picture slmweil coii'-iderably int«re calhi". 

May 9: Scrum — Inorganic phosphonis = 3.^ nig 
Calcium = 10.9 ing. 

May 14: X-ray picture showed union. 

/h><; JO. — l.'od liver oil control. 

May 13: Senun — Inorganic pho-phorii' -• .'*> n:i: p-r i.isn’rt'I 
meters. 

Calcium r 11 5 mg i«r lausVi-! ti:’-.- n ; :• 
Fracture «if raihu-. 

M:i> 25 : Serum — Inorg.'imc ph -jihi'H!- r- u..- 
I'alcsum-- lt*r m.* 
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Dog 12. — Hypercalccmic. 

Feb. 21: Scrum— Inorganic phosphorus =: 52 mg. per hundred cubic centi* 
meters. 

Calcium = 11.8 mg. per hundred cubic centimeters. 

March 7 : Serum — Inorganic phosphorus s: 4.6 mg. 

Calcium = 11.5 mg. 

10 units parathyroid extract. 

March 9: Scrum — ^Inorganic phosphoruses mg. 

Calcium e 14 mg. 

10 units parathyroid extract. 



Fig. 5 (dog 12).— Fifteen days after fracture. 

Alarch 1 1 : Serum — ^Inorganic phosphorus e 4.9 mg. 

Calcium e 11.8 mg. 

10 units parathyroid extract. 

March 14 : Scrum — ^Inorganic phosphorus e 5 mg. 

Calcium e 11.3 mg. 

30 units parathyroid extract. 

March 16 : Scrum — ^Inorganic phosphorus e 5.1 mg. 

Calcium e 132 mg. 

40 units parathyroid extract. 




RAVDIN-MORRI SON— OSSIFICATION AFTER FRACTURE S2I 



Fig, 3 (dog 10). — ^Tliirty-six days after fracture. 
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April 11 : 


April 23: 
April 25: 


April 30: 


Dog in splendid a>ndition. 

Scrum — ^Inorganic pbosphorus = 7^ mg. 
Calcium = 7.7 mg. 

X-ray picture showed slight external callus. 
Slight increase in external callus. 

Condition splendid. 

Serum — ^Inorganic phosphonis = 8.8 mg. 

Calcium = 5.4 mg. 

Further increase in external callus. 



Fig. 8 (dog 27 ). — A shows the bone ten days after fracture; B, sixteen days. 


May 7: X-ray picture showed considerable external callus. 

May 14 : X-ray picture showed increase in external callus. 

May 28: X-ray picture showed fracture almost united. 

June 1: Excellent condition. 

Scrum — Inorganic phosphorus = 8.1 mg. 

Calcium = 4.1 mg. 

June 4: X-ray picture showed union. 

Dog killed 186 days after operation. Condition excellent. 

Dog 27. — Hypocalccmic. 

Feb. 7 : Started feeding 20 cc. cod liver oil daily. 
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March 18 : Scrum — Inorganic pliosphorus = *1.9 nig. 
Calcium = 12.5 mg. 

50 units parathyroid extract. 

Fracture of radius. 

March 19 and 21 : 50 units parathyroid extract each d.*iy. 
March 23 : Scrum — Inorganic pho.sphorus =r 4.8 mg. 
Calcium = 11.9 mg. 

March 25 and 27; 100 units parathyroid extract each day. 
March 28 : Scrum — Inorganic phosphorus = 5.1 mg. 
Calcium = 16 mg. 

March 30: 10 units parathyroid extract. 



Fig. 6 (dug (»0). — A show.s tlie b«nc twi d.i>> after fracture; F, f»'rt\-tive 

March 31 : 40 unit> jKirathyruid extract. 

.■\pril 1 : Serum — Inorganic plm«j)hi»ru' ~ l.v4 mg. 

Calcium =- 4.7 mg. 

April 2: X-ray picture slmwed definilc eviihsin- ui'i”ii 1*>;' .hV i.« 
without limp, no crepitation. 

/ •I’l; f‘(>. — 1 lyj>ercalcemic. 

.•\pril 10; Kill unil< p.'ii.iiliyri'iil c MT;.ct 

.\liril 2»l. Serum — liiiUg.'inic p!i -p’l ru' - .5 ir.* J •" '•( ” f' . 
nil tef' 

(‘.ilcuuu ■ 17 »!■■.* j-r ! !:i : iv' • 

l'r..c!ure i f 
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March 25: X-raj- picture did not show e\ndcnce of callus. Died after con- 
siderable loss of weight from lack of food. No attempt was 
made to force diet Animal was not in tetanic spasm since 
3klarch 2. 

Dog 15. — ^Hypocalcemic. 

April 16: Started feeding 20 cc. cod liver oil daily. 

May 2: Thyroparathyroidectomized. 

May 4: Scrum — ^Inorganic phosphorus = 7.5 mg. per hundred cubic centi- 
meters. 

Gildum = 8.2 mg. per hundred cubic centimeters. 

May 4: Fracture of radius. 

Itlay 6 : Serum — ^Inorganic phosphorus = 7.8 mg. 

Calcium = 5.9 mg. 

May 11 : Condition fair. Slight weakness and eyes sore-looking. No sign 
of tetany. 

Forced feeding of milk but not mucli food retained. 

Serum — ^Inorganic phosphorus = 8.7 mg. 

Calcium = 5.3 mg. 

May 13: Weak, blind from bilateral cataract No tetany. 

Given 20 units of parathyroid extract. 

May 14: X-ray picture did not show evidence of callus. 

May 18, 9 a. m. : Very good condition now, except for sore eyes. 

Drank milk voluntarily. 

11 a. m.: Severe attack of tetany. 

Given 20 units of parathyroid extract. 

May 20: Condition better. 

May 23: Condition considerably impro^'ed. 

May 25: Severe conjunctivitis. 

May 26 : Eyes in bad condition. 

Serum — Inorganic phosphorus = 7.5 mg. 

Calcium = 3.3 mg. 

May 30: Slight callus. 

May 31 : Died after gradual loss of weight and inanition. No tetany. 
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Feb. 25 : Serum— Inorganic pliosphoru> = 3.1 mg. jwr hundred cubic centi- 
meters. 

Calcium = 10.2 mg. i»cr hundred cubic ccntimcter^. 

Feb. 28: Thyroparathyroidectomized. 

March 2: In tetan}*. 

Gave cod liver oil and 20 units of parathyroid e.\trnci. 

March 4 : Shivering. Ga\*e 10 units of parathyroid c.\tract. 



Fig. 9 (dog 15).— show.*; the bone ten dnJ^ attir iractun'; It. iwen.iv ti 


March 7: Serum— Inorganic iiho>phnrn« = 4 me. .\r.hr.:il iv.t ii: trs.-.j-v, I •!! 
not in good condition 
Calcium =: 5 mg 
Condition improveil. 

March 9; I'ractttred railiu* and ulna. 

March 11: Serum — Iiiorg.anic pin -ph tu- " ive 
Calcium =: ? .* me 


Match 13: 
M.Mch 1'’ 


I’o.'r Couihli- n; n •? e..::!!e 

I’o -r c •v.di’.i-'n N'l i i;.!:::.- h:> i > •'. 

Tin » !’. •int o! ..mtlet.e 3‘i v. "11 ».t N- 


\* t* . 
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Operation . — ^The usual laminectomy procedure was carried out. Tlie fifth, 
sixth, and seventh dorsal spinous processes were removed. There was no extra 
dural fat. The dura did not pulsate, and at the place where there was a fusiform 
enlargement, the dura had a j’ellowish tinge, as shown in figure 1 A. When the 
dura was opened, the cord was found distended by a yellowish mass beneath the 
arachnoid which had running over it fine longitudinal bands of tissue from 
the spinal cord. The appearance is well illustrated in figure 1 J3. A longitudinal 
incision was made over this mass after one vessel that ran over the cord had hccti 
clipped. Careful retraction of the incised tissue finally revealed an encapsulated 
lipoma which was readily peeled out of the substance of the cord (fig, 1 C). 

After the tumor Jiad been removed, a shallow ovoid cavity remained in the 
cord. As the field was perfectly dry, the dura was closed with fine silk and the 
wound was closed in laj'er sutures in the usual way. 

Discharge . — ^The patient was discharged from the hospital two weeks after 
operation. Tiiere was spasticity of the lower extremities just as there had been 
before operation, but he was able to walk with the aid of a cane. 

Pathologic Examination . — ^The tumor weighed 225 Gm., was 2.5 cm. long 
and 1 cm. in diameter ; it was nodular, encapsulated, moderately firm and whitish* 
yellow. Sections from different parts of the specimen showed that it was com* 
posed entirely of fat tissue (fig. 2). There were few small blood vessels, but one 
large one was found in every section. The capsule of the tumor was moderately 
thick and was composed of a dense connective tissue (fig. 3). Specific stains on 
sections from different areas of the tumor did not show neural or glial elements. 

COMMENT 

A more definite conception of the rarity of intramedullary liix>mas of 
the spinal cord may be gained from their incidence in the large collections 
of tumors of the cord reported by various authors. In the well known 
monograph by Gowers and Horsle}' ^ on the first successfully removed 
tumor of the spinal cord, the authors reported fifty-eight cases collected 
from the literature. The occurrence of an intramedullary lipoma is not 
recorded by them. 

In 100 tumors studied by Elsberg,^ fourteen were intramedullary. 
Not one of the fourteen was a lipomatous growth. Steinke ® collected 
reports of 330 tumors of the cord for Frazier, and no case of 
intramedullar}' lipoma is found in this large group. 

In a series of 112 laminectomies reported by Adson and Ott^ for 
focal symptoms of disease of the cord, not a single case of lipoma within 
the cord was found. In 156 laminectomies performed at Barnes Hos- 

1. Gowers, W. R., and Horsley, V.; A Case of Tumor of the Spinal Cord; 
Removal; Recovery, M. Chir. Trans., London, 1888, vol. 71, p. 377. 

2. IClsberg, Giarlcs: Tumors of Spinal Cord, New York, Paul B. Hoeber, 
Inc., 1925. 

3. Steinke, C. R. : Spinal Tumors. Statistics on a Series of .330 CoHeclctl 
Cases. J. Xer\-. & Ment. Dis. 47:418, 1918. 

4. .Adson, W., and Ott, W. O.: Results of Removal of Tumors of the 
Spinal Cord. .Arch. Neurol. & Psychiat. 8:520 (Nov.) 1922. 
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Intramedullary lipoma of the spinal cord is extremely rare clinically. 
Hccati.se of its rarity and also because it was ])ossil)le to remove the 
tumor at o])cration. it has been deemed ilesirahlc to rcjwrt this case. 


REPORT OK A CASE 


Hislory. — ^J. M., a man. aged 46, entered Barnes Hospital in I'ctiruary, 19JS. 
complaining of wcakne.s.s in tlie lower extremities. The onset occurred ifjne 
years prior to entrance, with pain in both ankles and in the right knee. Although 
pain was without relation to motion, he was treated for arthritis for six inonth« 
When not standing, he was free from discomfort. Weakness stwn intervened, 
and he had liccn incapacitated for work during the past eighteen months of his 
illness. A year before he entered the hospital, the pain had almost subsided but 
weakness gradually progressed. that walking was iiossihle only with cottsiflerable 
diflieulty. The outstanding feature was an inability to lift his ftet. Marked sub- 
jective sensory disturbances or altered bladder or rectal function had never 1‘een 
present. 

Hxamtnaliou , — There was a diminution in sensation to light touch, pinprii'k, 
heat anil cold, from the twelfth dorsal skin si-gment ilown. A l)and of e.anjib-te 
nne.sthcsia, corresponding to the tenth and twelfth dorsal skin seeinent. vv.n> 
jiresent. The abdominal reflexes were abswit and the creinasti ric ri :le.\es r;ithi r 
feeble. The ivatcllar and ankle jerks were incrisiseil. .\ bilateral i tpjicid’i iin -ieii 
was elicited. There was a slight s|vasticily of the lower e\lreinitif‘, but jcitillar i r 
ankle clonus was not jiresent. The rest of the jibysical e\aminati< u gavi- n-e.itive 
results. 


Puifinosis . — Lumbar puncture with a water nian'’nutir slmwid a ‘jiiu.d 
jiressure of 19 cm. Ten-secon«l bilateral jugular compti-sifn n.crf .i-f! 
fluid pressure to 29 cm. When the jugular pre?*ure was rebroid, t!:*- .'j ::;.d 
reuirned to 19 cm. within ten seconds. The fluid c.iiut- «’ w;i r • r.'".:.’ 
stejijiage fashion. This was interpreted as a (i.-in:.il M-tJ; nf tl'f I : 

l. .:dH»ratory examination of the tluiil was norma! tlin u.eh- in. 

l-tter, an inji'Ction of ii.di.'*sl t.sJ ■!<» jnr ctft w:.- 
'bttwtd that the gre.'iUr je.Tl of tlu 1.5 rc of i.:l. •; • : u!; ‘ 

m. ’ide into the cistiriia niagn.'i. Ii;.d drt'i*j>:d t" ll'e !• ’-t' "'- • ti > c. * 

in the uiid-<lorsal stii..}.» .f «••! wir« bi'er. • 

The ji.dnt at which the gb ' ult- wire I-'.m : • '> ! t 

b»io!5 ;is l’.(•||mi^:c,I bv la uti-’ '*"i' t -t: : 


dui'l 

th' 

O,.; I 
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to accept Wolbacli’s idea tliat this tumor was associated with a spina 
bifida. In Turner’s case, the description is that of a fibronuclear tumor 
containing fat cells and was considered by him a sarcomatous growth. 
Wolbach prefers the term diffuse subdural lipomatosis of the spinal cord 
in his case. In view of the fact that this was associated with other con- 
genital anomalies, it seems probable to us, as it did to the author, that 
this was just another congenital defect. 



Fig. 3. — Capsule that entirely surrounded the tumor. Phosphotungstic acid 
stain ; X 300. 

In the remaining seven cases from the literature (Branbach,® 
Spiller, Thomas,'® Ritter," Stook^',® Oppenheim and Borchardt'® and 

9. Branbach : Ein fall von Lipom bildung der Ruckenmarks haute, Arch. f. 
Psychiat. 15:489, 1899. 

10. Thomas, S., and Jumentie, J.: Lipomc dc cone terminale, Rev. neurol. 21: 
222. 1912. 

1 1. Ritter, A. : Ein Lipoma der Meningen des Cervicalmarks, Deutsche. Ztschr, 
f. Chir. 152:189, 1920. 

12. Oppenheim, H., and Borchardt, M.: Weitere Beitrag zur Erkennung «nd 
Bchandlung des Ruckcnmarks-gcschumlstc, Deutsche. Ztschr. f. Nervenh. 60:1. 
1918. 
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pitiil for localized symptoms of disease of the cord, this is the first 
intramedullary lipoma encountered. 

The rarity of this tyi)C of lesion wa.«! still more strikins'ly cmjihasizt-d 
only a few months ago by Stookey '• in an article on lijinmas of the spinal 
cord. He was able to find reports of only nine cases in the litcraurc. to 
which he added one of his own. 

A critical review of the cases he rejrarted leads us to feel that the 
ca.«!es reixjrlcd by Gowers," Turner* and ^^'olbach' cannot truly be 




THE BACTERICIDAL PROPERTIES OF THE SOLUTION’ 
S.T. 37 (LIQUOR HEXYLRESORCINOLIS 1:1,000)* 
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This paper is the second * in which the results of experiments 
ha^^ng a two-fold object are presented. The experiments were made 
to detennine (1) the action of several of the more frequently used anti- 
septics on some of the more common pathogenic organisms and (2) the 
reliabilit}- of the present standard of evaluating antiseptics as a means 
of correct appraisal of their practical I'alue. A more detailed report may 
be expected in a later communication. 

In May, 1927, Leonard and Feirer- described a new antiseptic 
known as S.T. 37. It is a pracdcall\* colorless, odorless, limpid fluid 
with a warm, sweetish taste, containing 1 mg. of crystalline hexj-lresor- 
cinol per cubic centimeter of solvent, consisting of 30 per cent glycerin 
and 70 per cent water. This solution is claimed ^ to be bactericidal to 
viable bacterial suspensions in fifteen seconds or less. It is further 
stated to be nontoxic, nonirritating, chemically stable, bacteriddal in 
high dilution, higUy penetrating, noncorrosive and nonstaining, and is 
free from disagreeable odor. Such an antiseptic would be welcomed by 
the surgeon, especially by the surgeon dealing witli traumatic cases, 
the majorit}* of which come to liim in a contaminated condition. There- 
fore. at the suggestion of Dr. John J. ^loorhead, professor of surgery 
at the New York Post-Graduate ]NIedical School and Hospital, the 
investigation of this substance was undertaken. 

S.T. 37 is an outgrowth of experimentation with resorcinol and 
allied preparations. The first diniral descriptions * of the use of hexylre- 

* From tile Department of tlie Laboratories, New York Post-Graduate Medical 
School and Hospital. 

1. Wright, In’ing S.: Effects of Mercurochrome-220 Soluble on the Growth 
of Bacillus pyocyaiicus. Arch. Surg. 15:958 (Dec.) 1927. 

2. Leonard. Veader, and Feirer. W. A.: Bactericidal Actirity of Hcxj'Ire- 
sorcinol in Glycerine, Bull. Johns Hopkins Hosp. 41:21 (May) 1927. 

3. Leonard. Veader. and Feirer, W. A. ; (footnote 2) : Hcxylrcsorcinol as 
a General .Antiseptic, Surg. Gj-ncc. Obst 45:603 (Nov.) 1927. 

4. Leonard. Veader; Secretion of Bactericidal Urine and the Disinfection of 
the Urinary Tract. J. A. M. A. 83:2005 (Dec. 20) 1924. Henline, R. B.: Hcxjl- 
resorcinol in the Treatment of 50 Cases of Infection of the Urinarj- Tract, J. Urol. 
14:119 (.Aug.) 1925. Brown, D. A.: Hexi-lresorcinol in Infection of the Urinary 
Tract. J. A. M. A. 86:668 (Mardi 6)1926. Scott W. J.. and Lronard, Veader : 
Hexylresorcinol in the Treatment of Pyelitis of Infancy and Oiildhood, Am. J- 
Dis.'aiild. 31:241 (Feb.) 1926. Wj-nne, H. M. N.: Hex>Ircsordnol in Urinary 
Tract Infection in Women. Minn. Med. 9:156 (.April) 1926. Leonard, Veader. 
Hexylresorcinol. J. Urol. 12:585 (Oct.) 1924. 
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I.IPUMA or COHD 


Hool ■*”) the tumors were all jnirc lipomritons growths. They difTcr. 
however, frojii the case reported here in that they were all apparently 
infiltrative ami not cncajisnlated. 

Stookey discussed at .'ome length the varion.s theories as to the origin 
of intramedullary Hixmiatous growths. He doe? not seem to favor one 
theory more than amither. The fact that in the case here presenteil the 
entire tumor was located beneath the arachii')ifl seems to leml snpixjri to 
the view held hy Virchow that it arose from cell re^ts which hecanie 
hypertrophic. 

The treatment for this type of lesion based on previously repirteil 
ctises has been against tof« ]x;rsistent attempts at removal. ,\s complete 
enucleation was carried out in this case, we feel that in the future it 
would be worth while to consifler such a proceflure in every case. .\t 
first inspection in this case the removal of the tumor seeim rl imjv)><ihlc. 
but careful mani]ni1ation at the s.ncrificc <if a few filters of tl:e cord 
fin.'dly showed its feasibility. Liixtma is one of the mo»t benign tyj'es 
of lesions, and the remov.al alw.ays hold? out a better prognosis fur the 
jiatient. This, we think, makes it jnstifi.able to do a ^cirtial extirpation 
in all ixir.sons with lipoma <»f the spinal coni when comjtlete removal is 
not jxissible. 


l.r Rout. r.. F. : 
It. 40-42. 


A r.asc of l.t|x.ru.n «>f 0<ri!, 1, los, 
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is in itself a surface tension reducent. After trying various combina- 
tions of the drug, water and glj'cerin, Leonard and Feirer prepared 
S.T. 37. This preparation has tlie lowest surface tension combined with 
the greatest bactericidal action of any of the many alk}dated resorcinol 
derivatives in ^-arying solvent combinations investigated. Its name signi- 
fies a solution the surface tension of whicli (S.T.) is 37 dynes per 
centimeter. 

Leonard and Feirer used the following protocol = to determine the 
bactericidal efficacy of S.T. 37 : Fresh twenty-four hour cultures of the 
several test organisms were used. A standard 3 mm. loopful of inoculum 
was introduced into 5 cc. of S.T. 37, from which similar transplants were 
made to 10 cc. of broth and incubated at 37 C. for twenty-four hours. 
The transplants were made after fifteen, thirty and sixty seconds, respec- 
tively. Suitable controls were made. Failure to obtain grotvth in the 
transplants using fifteen different organisms was taken as conclusive 
evidence that S.T. 37 was bactericidal for those organisms in fifteen 
seconds or less. 

Our preliminary experiments were made with Bacillus pyocyaneus, 
one of the organisms for which S.T. 37 was claimed to be bactericidal in 
fifteen seconds or less. This work demonstrated to us that the organism 
of green pus was viable after having been in continuous contact with full 
strength S.T. 37 for a period in excess of forty-eight hours. 

For the detailed experiments to he presented, the organisms used were 
laboratory stock strains of Bacillus pyocyaneus (Pseudomonas pyocyanea) and 
Staphylococcus aureus, and a strain of hemolytic streptococcus isolated from the 
blood of a patient with septicemia following mastoiditis. The cultures before being 
used were transplanted on agar for five successive days preceding experimentation. 

Meat infusion agar slants were used except in the case of Streptococcus 
hemolyticus. For this, the brain agar mediums of Pelouze and Viteri ** was used, 
on which the control cultures of the streptococcus grmv luxuriantly. The broth 
was the standard meat infusion dextrose broth. The spinal fluid medium was a 
mixture of specimens sent to the laboratory for routine examination from patients 
suffering from meningococcus meningitis or streptococcus meningitis. This fluid 
was heated at 60 C. Sterility was later proved by absence of growth after forty- 
eight hours of incubation on agar and in broth. That this medium would support 
growth was shown by control cultures. 

Two different samples of S.T. 37 were used in our work. One was an 
original 3 ounce bottle; the other was a portion of a similar 12 ounce bottle. 
Both of these samples were obtained from the Hospital Pharmacy. 

With each organism six experiments were performed to ascertain the effect 
of S.T. 37 under various conditions: (1) undiluted S.T. 37 on a twenty-four 
hour growth on agar slant ; (2) undiluted S.T. 37 applied immediately to a freshly 
inoculated agar slant; (3) S.T. 37 diluted 1:1 applied to the twenty-four hour 
growth in spinal fluid; (4) S.T. 37 diluted 1: 1 applied to spinal fluid immediately 


10. Pelouze, P. A., and Viteri, L. E. : A New Medium for Gonococcus Culture, 
J. A. M. A. 86:684 (March 6) 1926. 
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forciiiol in the ireatincnl of tin; more rMnin:(.':i tyj*'** ni :r.;Vc:ifVo <>: tl-.!; 
urinary iraci inflicatc'i o:ct’]Icn‘i rt-.-nlJ!-. I^atvr rv]- •r!> ;:■ n; 
clinician? ‘ ])rc5cntcfl varying rlc5:rcc' nf ^uc(:C'? ar.fi failure rc=ul;iu;: 
from it? In inve?ti};alincr tlic^e rqfiris. l.ei,::r>ril, ar. ! 

\Voorl found that certain dennite physical factr'r> wire i:iVM 1. T::*. y 
noted that .‘■urface tension played a real part in fletermiriir/^ iV.e clinical 
efhcacy of the dru.cj. With the ini:e?lii<n i>; ’arue .•imomu- of v.ater. 
soflium hicarhonate or citrates, in c<»njuncli(in witli the i’i :vylre>f'rci::!i;. 
a urine of hifih surfaci- tension and of low l;actericifi:!l tp'.aiity v.t.- 
voided. Kedtiction of the surface tension of the urine, hy j'rcver.tir.u 
the simultaneous use of excessive fluids, hic.arl'fin.ati s ar.'i citrate', 
improved the clinical results ohtainefl with thi' f’ru^. In f.-ict. th.e r.riue 
itself theji ]y)ssessed a relatively hijth hactericidal titer* follnwir.;: the 
ingestion of OA flm. of hexylres‘»rctnol three tina*' daily. 'i'i:i'> nv.t.i- 
festation was atlributcd to the prc-cnce of tlie dru'; plu>- the h-v.* 'r.rf.aie 
tension. 

In March, \V27, I'rohisher ■■ deiiiou'trait il dennitely the e{V< r: i.f 
surface tension on the action of antiseptics. Hy ll>we;ir.^ nr tai’-ii;:; the 
surface tension pha'c of a solution i*i jjhettnl. he mtjlil :.t psc ciali’.y 
itiereast; nr deerease, re-pectively. the hactericidrd p ttiucy n: t!.-* 'Tiuv* 
antiseptic. Within a few mf»iuh*-. Leonatal ar. i I'l lu r ' «!. ..•nl. ',; 
anti«ej'tic whieh is the snhiect of thi' j»ap**r. 

llexylresorcitifil, jn-r se. ha*, a phettnl cnttucient of jn u: :>• .*'1 

.aceordiu” to the United .*^t;:te-> ruhhV Hinlth S'.atid.itd, a* t_:*'>:i‘! i-y !»r. 
Swenarton.'*' It i*. readily '•ohiha* hr rlycerin. hut uir.-.-ly •■•'•.•I*'* 
water. It eomhiJie*: hi*.;h h.ieti rici-'nl ' urA l-nv t'**.h:t\ 

than any oth.er similar phenolic ptepanstior.. 
i:!»*e len'-ii>n in « \ci'' of T'J ilvjse.. ji.-r etr.tini' t- s. 
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The results were as follows : All of the controls of the two pathogens 
were positive, as would be antidpated. None of the streptococcus 
replants showed any gro\vth, proving the bactericidal effect of S.T. 37 
on Streptococcus Jicmolyticus in fifteen minutes or less, whether the anti- 
septic be full strength or diluted 1 : 2. However, the replants from the 

Table 1. — Effect of S. T. 37 on Bacillus Pyocyancus 


Organism Badllus pyocyaneus (Pseudomonas pyocyanea) 


Medium 

Diiution of S.T. 37 

Agar 

Undiluted 

Spinal Fluid 

l:l 


Broth 

1:2 

Age of culture 

21 Hours 1 Minute' 

21 Hours 1 Minute' 

'Sl Hours 1 Minute 

onme Intcrral of Transplants 
in Hours: 

1 

+ 

+ 

+ 

+ 

+ 

+ 

2 

+ 


4* 

+ 

+ 

+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

21 

+ 

+ 

4* 

+ 

+ 

+ 

4S 

+ 

+ 

+ 

+ 

+ 

+ 


Table 2. — Effect of S, T. 37 on Streptococcus Hemolyticus 


Oreanism 

Medium 

Diiution of S.T. 37. 

ABar 

Undiluted 

Streptococcus hemolyticus 

Spinal Fluid 

l:l 


Broth 

1:2 

Abc of culture 

21 Hours 1 Minute '21 Hours 1 Minute 21 Hours 1 Minute' 

Time Interval of Transplants 
in Minutes: 

15 

0 0 

0 0 

0 

0 

SO 

0 0 

0 0 

0 

0 

90 

0 0 

0 0 

0 

0 

laO 

0 0 

0 0 

0 

0 


Table 3. — Effect of S. T, 37 on Staphylococcus Aureus 


Oreanism 

Medium 

Dilution ot S.T. 37 

Abc of eulturc 

Time Interval of Transplants 
in Minutes: 

15 

SO 

90 

ISO 


Asar 

Undiluted 
/ ■ * 

21 Hours I Minute 


+ 0 

0 0 

0 0 

0 0 


Staphylococcus aureus 

Spinal Fluid Broth 

lO W 

Si Hours 1 Minute 21 Hours l Minute 


+ 0 + 0 

0 0 + 0 

0 0 0 0 

0 0 0 0 


twenty-four hour growth of Staphylococcus aureus were positive in the 
fifteen-minute tubes of all three mediums, and positive as well in the 
broth replant at the end of the thirty-minute period (table 3). None of 
the fresh (C tubes) of Staphylococcus aureus replants showed any 
growth. Hence, S.T. 37 is bacteriddal to Staphylococcus in either con- 
centrated form or diluted 1 : 2 in some time under ninetj' minutes. 
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THE FUNCTION OF THE DIAPHRAGM* 


WILLIS S. LEMON, JkI.D. 

ROCHESTER, MINX. 

The relationship between the action of the diaphragm and the inter- 
costal muscles, as well as the muscles of less importance, in making 
respiration possible by rhythmically enlarging and decreasing the volume 
of the thoracic cavity has been the subject of discussion by clinidans, 
surgeons and ph5-siologists. Many valuable obser^'ations have been 
made which, at the present time, form a background for further obser- ’ 
\’ation and a fund of information from which to draw, as need arises, 
during the progress of research. In time, certain fixed opinions become 
accepted as facts, often because they are stated with emphasis, owing to 
the conviction of their authors. As truth is relative and corresponds with 
the best thought of a period, these opinions are true unless they can be 
proved incorrect, inaccurate or incomplete. 

For one to replace an old truth by a wider and more accurate con- 
ception of fact requires that the observer make use of all available 
information and therefore include a survey of the embryologic, anatomic, 
physiologic and clinical knowledge of others as well as his own. In 
this survey the action and purpose of the diaphragm as a respiratory 
organ will be considered from these several points of view, from each 
of which, it is believed, valuable implications will be discovered. 

EMBRYOLOGV 

Prentis and Arey, Ballantyne, Keibel, Hume and Mall agree that the 
development of the diaphragm is a complex and obscure part of organo- 
genesis, and that it is derived from sources other than the septum trans- 
versum in which His recognized its anlage, the most important being • 
the pericardiopleural and the pleuroperitoneal membranes. All obsen'crs 
agree that the beginning of the diaphragm is in the early development 
of the embry’o (the third week of which is so picturesquely described 
by Ballantyne), that its origin is high toward the head and that it 
migrates caudalh' and occupies different planes as it passes into the 
celom to become one of the most important structures which divide 
it into its several compartments. 

Thus, tlie first chief partition has been the anlage of the diaphragm 
recognized by His in a mass of mesoblastic tissue situated, with the 

♦Read before the National Tuberculosis -Association, Portland. Ore.. Jtmc 
19 . 1928 . 

* From the Division of ^ledicine. The Mayo Clinic. 
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clasmobranchcs, this septum is not complete, failing to reach the other (splanchnic) 
wall, thus leaving one or more openings, pericardioperitoneal canals, connecting 
the pericardium with the body. In the higher vertebrates, the closure is complete. 

In all the lung-bearing vertebrates except the mammals, the lungs are sus- 
pended in the general body cavity (splanchnocelc), but in the latter group a second 
partition, the diaphgram, cuts off a pair of pleural cavities from the rest of the 
splanchnoccle which is now called the peritoneal cavity. 

Traces of structures similar to the diaphragm as indicated by nerve supply, 
and so forth, occur in vertebrates as low as the amphibia, but their exact 
homolog}’ is uncertain. 

Comparative Anatomy of Vertebrates . — ^Discussing the derivation 
of the muscular tissue of the diaphragm, Kingsley said: “The dia- 
phragm undergoes several shiftings of position before reaching its final 
place. The dorsal part of the diaphragmatic muscles is derived from 
the original folds, the ventral comes from the rectus abdominis muscle 
of the ventral abdominal wall.” This makes a concrete addition to 
Broman’s fifth division and will be referred to when the effect of 
phrenic neurectomy is discussed. 

The study of the development of the diaphragm at different periods 
of fetal life introduces implications that suggest anatomic and functional 
probabilities. Yet there is an old method of study that may promise 
better results, and it is based on the obvious and well recognized fact 
that in the development of animal life the necessity for expanding func- 
tion requires a development of organic macliinery that makes function 
possible. This philosophy has been advanced most convincingly by 
Jones in his description of diaphragmatic derivations and function. 
It is therefore clear that when new activities and functions are con- 
temporaneous with a new organ, the latter should be considered as 
responsible for the operation of the former. But functions have a 
tendency to develop slowly, and nature develops organs, at first simple 
in design and then more complex, until perfection of function is brought 
about by perfection in detail of the organ. Thus three pictures must 
be considered. Wien the necessity for development and for physical 
activities required a more efficient means of bringing oxygen to the 
tissue cells, the superficial layers folded in, and the first hint of a future 
lung was apparent. These first infoldings multiplied in number, the 
original lymph system became a hemolymph system, and the relationship 
between the circulation and respiration became established. Then the 
organism developed the ability rhythmically to enlarge and decrease the 
size of its body cavity and to produce within itself a negative pressure. 
Air-breathing lungs appeared and, bridging the man}' intermediate 
variables in form and design, a second picture can be visualized. 

In such an animal the machiner}’ for respiration is adequate to the 
needs of the animal's activities. It has lungs lying in a single celomic 
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Anatomy in Man . — ^The anatom}' of the diaphragm in man as well 
as in all mammals is so familiar as not to require detailed description. 
It is. however, important to review the opinion of anatomists and later 
to appraise these opinions in the light of more recent experimental evi- 
dence. LeWold has anticipated this discussion by calling attention to 
the fact that the diaphragm is not essential to active life in animals 
below the mammals. He cited the endurance and strength of the ostrich 
as an example of the activity possible in the absence of a diaphragm, 
and comparative anatomists agree that animals below the vertebrates 
do not have a semblance of a diaphragm, and none below the mammals 
has a perfected partitition. Anatomically, then, the diaphragm serves 
as a partition dividing the celom into its two chief chambers ; it belongs 
to those groups of muscles which serve to enlarge and decrease the 
volume of the chest and which are thus important in a mechanical way 
for respiration. This set of muscles can be seen in action to cooperate 
with other groups and to act in coordination with them, and its share 
consists in enlarging the long diameter of the cavity of the chest. The 
statement found in the older textbooks on anatomy as well as in those 
of more recent date, that the diaphragm, next to the heart, is the most 
essential muscle of the body and again that it is the most important 
muscle of respiration, requires sober thought and perhaps modification. 

ACTION OF THE DIAPHRAGM 

When at rest, the diaphragm presents a domed surface due partly to 
the positive intra-abdominal pressure and partly to the negative intra- 
pleural pressure. It rises higher in the thorax on the right side than on 
the left. During inspiration it moves downward, producing pressure 
on the abdominal viscera and distending the abdomen. At the same 
time the margins of the ribs pass outward and upward. Although the 
central portion moves least, the right to a greater extent, and the left 
through the greatest excursion, the combined movement produces an 
increase in the vertical diameter of the chest, and inspiration of air 
occurs. Although the abdominal increase in pressure during the descent 
of the diaphragm tends to distend the abdomen, yet, because there is 
opposition, the central tendon becomes a fixed point and the circumfer- 
ential muscles in contraction actually elevate the lower ribs and expand 
the lower part of the thoracic cavity. In all acts of expulsion, sneezing, 
coughing, laughing, vomiting and crying, for example, the diaphragm 
adds power to expulsive effort. 

Such was the opinion a generation ago. More recently Cunningham 
said: “The diaphragm, after the heart, is the most important muscle 
of the body. It forms the dome-shaped roof of the abdomen and the 
highly conve.v floor of the thorax.” The first sentence states a belief 
in functional importance, the .second is purely a statement of anatomic 
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increases the subcostal angle by increasing the intra-abdominal pressure. 
This pressure exerted on the abdominal contents, which are comparable 
with a fluid, becomes hydrostatic in character and is transmitted equally 
in all directions, forcing outward not only the abdominal wall but the 
margins of the ribs. 

One other function needs discussion, the effect of diaphragmatic 
contraction on the blood pressure. Because of the increase in the intra- 
abdominal pressure the viscera are crowded against the inferior vena 
cava, blood is forced into the thorax and the immediate effect is that 
of raising the blood pressure temporarily. Before inspiration is com- 
plete the lessened flow tends to da:rease the blood pressure. Abdominal 
respiration produces an initial rise succeeded by a fall in blood pres- 
sure during inspiration and an initial fall followed by a rise in pressure 
during expiration. These results are opposed by the effect on pressure 
caused by thoracic breathing in which the pressure falls and later rises 
during inspiration. The effect of combined breathing is the algebraic 
sum of these opposing influences. 

Before the experimental phases of the subject are discussed, it is 
necessary to revert here to the sentence: “The diaphragm, after the 
heart, is the most important muscle of the body.” I shall offer sub- 
stantiation of the statement because otherwise the experimental work 
would lend color to the belief that the sentence is an overstatement of 
fact. The work best designed to influence judgment was done by 
Guenther and Meleney, who showed the contrast between the periodic 
and irregular contractions of skeletal muscles and the regular rhythmic 
movement of the diaphragm which is comparable with that of the heart. 
Like the heart muscle, the diaphragm enjoys only a brief period of 
rest between contractions, and the rest periods are approximately equal 
in length. The same remarks apply also to the other muscles regularly 
employed in producing inspiration and expiration. The comparison of 
the physiologic properties of the diaphragm with those of the extensor 
longus digitorum, the sartorius and the soleus convinced these authors 
that the diaphragm had the most efficient muscle tissue. 

The diaphragm offers certain points of analogy to the muscle of the 
heart and in that sense partly justifies Cunningham’s belief in its impor- 
tance. Circulation and respiration are both fundamental and equally 
essential functions of the body; both are produced by muscular action, 
the latter only partially dependent on the diaphragm and capable of 
continuance without its action, the former absolutely dependent on the 
contraction of the heart. It may be that the diaphragm is second only 
in importance to the muscle of the heart but because respiration and 
circulation are equally essential to life, the muscular function which is 
dispensable suffers by comparison with that which is indispensable. 
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lowered vital capacity and slowed the venous stream within tlie abdomi- 
nal veins. impression is, however, that the abolition of the resis- 
tance of the abdominal musculature against the downward thrust of thci 
diaphragm has more to do with postoperative conditions than has been 
supposed. There are other considerations. The dog does not lie on 
his back; he is not trussed up with dressings, adhesive bandages and 
encircling binders that compress the margins of the ribs and prevent 
movement at the bases of the lungs where movement is most necessary 
to prevent congestion. With a slowed venous stream and a congested 
lung, both infarct and infection become not only possible but even 
probable. The low vital capacity in man is more an expression of 
abdominal pain preventing resistance to diaphragmatic contraction than 
to any loss of power in the efficiency of the diaphragm itself. 

UNILATERAL PHRENIC NEURECTOMY 

When evulsion of the phrenic nerve is carried out, half of the 
diaphragm is promptly paralyzed. Atrophy starts as early as the second 
day, and is manifested grossly by pallor and edema in both dog and 
man. The diaphragm rises in the thorax and does not take any further 
part in respiration. It either is immobile or takes on paradoxic mover 
ment due to the alteration in intra-abdominal pressure that is produced 
by contraction of thd unaffected portion. The only difference between 
the dog and man lies in the higher elevation of the vault of the paralyzed 
hemidiaphragm in man. I have noticed this in examining all of my 
animals and comparing them with the human subjects on whom uni- 
lateral phrenicotomy had been performed for various reasons, as well 
as those rather rare cases of true eventration of the diaphragm. It 
has seemed to me that the- cause was to be found in the difference 
between the pronograde and the orthograde animal and in the purely 
carnivorous and the partly carnivorous types. The relatively small 
abdominal content in the carnivorous group fails to elevate the paralyzed 
portion to the same degree. 

The movements of the thoracic wall have been studied both in ani- 
mals and in man. K 3 'mographic records have been made to check 
inspection, but in ever}' instance the movements of the chest as a 
Nvhole and of its several parts have remained unchanged. It was 
expected that the movement of the costal margin would be increased 
on the side affected, but this could not be substantiated in my experi- 
ments. I have been unable to convince myself by any means at my 
disposal that such a phenomenon is present in man, and I have examined 
patients repeatedly for days after phrenic neurectomy, patients with 
eventration and a single patient who was shown at operation to have 
congenital absence of half of the diaphragm. Lord, in discussing cases 
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EXPERIMENTAL AND CLINICAL OBSERVATIONS 

Because of the growing popularity of phrenic neurectomy in the 
treatment of both tuberculous and suppurative pulmonary disease, it 
became necessary to study the effect of such an operation on normal 
subjects. Study of the physiologic effect in general, as well as the 
respiratory mechanism, was undertaken. Healthy dogs were used in 
all the experiments. Later I became aware that similar work had been 
done on horses. Results of the study of the physiology in man could 
not be conclusive except in rare instances because the operation was 
not indicated except in cases in which the extent of involvement made 
it impossible to separate pathologic change from physiologic change due 
to the operation with consequent loss of function of at least half of the 
diaphragm. Suitable cases, however, have been under observation and 
will be discussed as they apply to the various divisions oi the experi- 
mental work. 

The effect of abdominal incisions and of major surgical operations 
on the upper part of the abdomen was studied first, because of the 
belief that such operation caused fixation of the diaphragm and con- 
tributed to the prevalence of postoperative pulmonary complications, 
which are known to be relatively much more common in cases in which 
the patients have been treated surgically for conditions of the stomach 
and gallbladder than in general surgical work. The experiments were 
carried out in several stages. Observations were made in the various 
cases studied : (1) when a simple incision in the skin constituted the sur- 
gical intervention; (2) when the abdominal wall was cut through and the 
abdominal cavity opened; (3) when an Eck fistula operation was per- 
formed; and (4) when an Eck fistula operation was performed and 
various fractions of the liver were removed. The animals were 
examined clinically and fluoroscopically immediately after the operation, 
when the animal first became conscious and every succeeding day until 
the wound was healed. In none of the animals was any fixation of the 
diaphragm discovered. The excursion was normal and equal to that 
before operation. I have never seen an animal under any of these 
conditions with restriction of diaphragmatic movement. 

This observation is not reported in an iconoclastic spirit. It has to* 
do with an animal and not with man. I do not know whether it is a. 
true statement in regard to the diaphragmatic movement in man under 
similar circumstances. No one, to my knowledge, has made any such 
experimental study on man. The reports have been based on purely 
clinical examination and are therefore subject to personal error. No- 
one can reproduce in a dog the conditions found in man: the debilify* 
that called for the necessity of operation, the anxiet}' and apprehensioir 
before and after operation, and the acuteness of sensibility to pain that 
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w-as reduction in vital capacity of approximately 20 per cent, but within- 
nine days the capacit}' reading was normal. In another case, left 
phrenic neurectomy was done because of localized bronchiectasis, and. 
symptomatic cure resulted. The patient does her housework mthout 
respirator}' embarrassment, and she is not troubled with dyspnea or 
gastric distress. Cough is infrequent, and more effectual in raising 
sputum than before operation. The vital capacity reading is 3,403 cc. 
The estimated normal reading would be 3,050 cc. The removal of 
8 an. of the phrenic nerve paralyzed the left side of the diaphragm, 
w’hich rose high in the thorax and was immobile on both general and. 
fluoroscopic examination. The left side of the chest measured 3S.5 cm. 
and the right 39 cm., a difference so small that it may be explained as a 
personal error or may represent what could be called nonnal asymmetry 
of the chest. Differences in the movement of the chest could not be- 
observed by inspection, b}' combined inspection and palpation or by 
actual measurement during inspiration or when at rest. These obser- 
vations were checked by observers who were not acquainted wth the- 
patient's history and were entirely disinterested and unprejudiced. 

Three other patients Avere dyspneic on exertion, but other compli- 
cations were present that may have been responsible for the dyspnea. 
Welles did not obseiv'e any evidence of undue shortness of breath or 
any abdominal disturbances after the operation in forty-nine of fift}' 
cases of unilateral phrenicotomy. Yeates performed eighteen radical 
operations of extraction or resection and reported that none of the- 
intra-abdominal functional disturbances could be attributed to the 
paralysis. “Paralysis of the diaphragm reduces vital capacity, restricts 
external respiration and impairs competence. Dyspnea on exertion is 
inevitable.” Experimental eA'idence permits certain definite conclusions : 
1. A dog can live comfortably without diaphragmatic movement. 2. He 
can live for many days following transection of the spinal cord between 
the sixth and seventh cen'ical A'ertebrae so that the diaphragm is almost 
totally responsible for respiration. 3. He can still live even after transec- 
tion of the cord and evulsion of one phrenic nerv'e. 

Conversely, clinical evidence permits the conclusion that a man can 
live after a low fracture of the neck has paralyzed thoracic and 
abdominal muscles and the diaphragm is almost entirely responsible 
for respiration. I have examined three such patients living almost 
entirely from diaphragmatic moA'ement. The chest as a whole retracted 
with inspiration and the consequent increased negativity of intrapleural 
pressure, but the costal arches and margins moved outward because of 
the increased positive pressure due to the descent of the contracting 
diaphragm. 

It was formerly said that man, unlike a dog, cannot Iwe if he loses 
diaphragmatic function. I have not examined a case in which there was- 




THE SURGICAL SIGNIFICANCE OF THE ABDOMINAL. 

REFLEXES * 


WILLIAM KLEIN, M.D. 

NEW YORK 

The diagnosis of acute intra-abdominal diseases has taxed the ability 
of the internist, pediatrician and surgeon alike. The literature on the- 
subject is voluminous, but most writers have not stressed the signs which, 
do not require the assistance of the laboratory. Any symptom that can 
be elicited at the bedside is a welcome aid to the diagnostic armamen- 
tarium. 

The cutaneous abdominal reflexes have not received their proper- 
place as a valuable aid in the diagnosis of acute intra-abdominal disease.. 
The literature on this topic is scant. Most writers have dealt with hyper- 
esthesia, but the contraction reflex has been singularly omitted. Smith ^ 
is an outstanding exception. The neurologists, such as Monrad-Krohn 
and others, spoke of abdominal reflexes and did not include hyper- 
esthesia, whereas, surgeons, such as Robinson,® Logat * and Cope,® cap- 
tioned their articles abdominal reflexes and described hyperesthesia of 
the skin, but failed to mention the contraction reflex. Both are important 
and may be significant in the same pathologic condition. It is essential,, 
therefore, to bear in mind that hyperesthesia and the contraction reflex, 
are not the same. 

Hyperesthesia may be defined as a response to a stimulus expressed 
in terms of pain. It is, in reality, a form of h3'peralgesia, as is all 
abdominal tenderness due to A'isceral inflammation. Its interpretation is- 
dependent on the patient’s statement and cooperation. It becomes evi- 
dent that this reflex pain cannot be controlled by the patient. It is not 
definitely known how this increased pain over an inflamed abdominal' 
organ is produced. Livingston ® believed that it is caused by the trans- 
mission of the painful sensation by the visceral nerves through the nervi 
communicanti to the spinal nerves and so to the overlying skin. 

* Read before the Bronx Surgical Society, April 25, 1928. 
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bilateral phrenic paralysis. Jones said that the primitive (pronograde) 
mammal is dependent on the extenml respiratory system, while man. 
has become dependent on the internal respiratory system. He bdieved. 
this dependency to be due to the loss of fixation of the fore limb and. 
shoulder girdle. This hypothesis, however, is no longer accepted. It is 
well known that man can live not only with half of the diaphragm, 
paralyzed, but also with the whole diaphragm rendered functionless. 
Cases reported by Gamble, Pepper and Mueller and also by Dowman. 
confirm this belief. 

EXFERIUtENTS ON ASPIRATION 

Because of the importance of aspiration of secretions into deep> 
portions of the bronchial tree, thereby adding to the total amount of 
infected lung, it became necessary to determine whether tliere was- 
suffident suction during inspiration to cause such aspiration in an animal 
the hemidiaphragm of which is paralyzed. This is an important con- 
sideration in both tuberculous and chronic suppurative conditions in 
both of which infection may be spread by aspiration. Accordingly, an 
animal widi half of the diaphragm completely paralyzed was anesthetized 
with ether for twenty minutes during which time 40 per cent iodized, 
oil was slowly introduced into the trachea. Ten minutes later he was 
killed by overetherization, the trachea being damped to maintain expan- 
sion of the Imigs. The lungs were examined fluoroscopically and oil was- 
seen to have been aspirated into both lungs, showing tliat the paralyzed 
diaphragm did not affect inspiratory suction suffidently to prevent the- 
aspiration of intratracheal material. One cannot hope that in such 
diseases as tuberculosis and bronchiectasis the lungs will be spared, 
from the risk of aspiration. 

NECROPSY REPORT 

The examination of dogs at necropsy did not show evidence of 
abnormality in the heart, pericardium, pleura or lungs. Evidence was 
lacking of congestion or other impairment in the circulation of blood 
through the lungs. Brown’s later work confirmed the conclusions- 
reached from my gross and microscopic data, although his method of 
study was entirely different. My own observations have been repeated 
many times, and the conclusions have remained unchanged. Thus far- 
I have not been able to produce evidence that the diaphragm has a 
double motor innervation, although the embrj'ologic development might 
lead one to suspect that nerves supplying the muscles of the body wall 
might also supply that portion of the diaphragm which is derived from- 
them. Higgins has discovered that the thirteenth thoracic nerve in the- 
dog sends fibers to the diaphragm, but there is no assurance that this is-- 
motor in function. 
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must be remembered that pain is a relative term, and can be interpreted 
only by comparing both sides of a particular segment. It is of much 
^'alue in the adult, but cannot be relied on in children, as the young will 
mislead when asked which side is more sensitive. This capacity for 
hyperesthesia in disease persists till late in life, and can be extremely 
active from adolescence till about 50 years of age. From then on it 
diminishes, and it is of little value in old people. This reflex is present 
early in the pathologic process. W^en the inflammation progresses and 
the peritoneum becomes involved, it diminishes in intensity and is finally 
lost in the late stages of peritonitis. At this stage, the contraction reflex 
is of value, as will be shown later. 

The cutaneous contraction reflex is produced by scratching the skin 
with a sharp, pointed object, such as a pin or a sharp pencil. It is seen 
as a homolateral, segmental contraction of the muscular segment at the 
site of stimulation. The linea alba and the umbilicus deviate to the same 
side. This contraction occurs almost simultaneously. A heterolateral 
contraction is pathologic and usually belongs to diseases of the spinal 
cord, such as poliomyelitis. 

After the first six months of life, this reflex is extremely active and 
can be elicited in the young. It persists actively in the young and dimin- 
ishes in importance in the older person. The retrogression is not alike 
in both sexes. It persists longer in the male and is at times seen late in 
life. In the female, it tends to diminish with the advance of adiposity 
and the relaxation of the abdominal wall consequent on child bearing. 
These patients retain part of their contraction reflex in the upper part of 
the abdominal muscles which overlie the lower costal cartilages; here 
the amount of fat is scant, and the striae due to stretching of the muscles 
are absent. It is interesting to note that the abdominal wall of obese 
males retains the contraction reflex longer than a similar abdominal wall 
in the female. 

From the foregoing considerations, it becomes evident that the hyper- 
■ esthesia is of value in the adult while the contraction reflex is of inesti- 
mable value in children. 

For convenience, the abdominal wall may be divided into four parts : 
upper right and left and lower right and left. Some neurologists speak 
of gastric, umbilical and midabdominal areas, but for the practical pur- 
poses of the surgeon, the division into four parts is sufficient. 

In eliciting the contraction reflex, the pointed instrument should be 
almost perpendicular to the skin. In the upper segments of the abdomen, 
the motion should be from above dowmward. Beginning at about the 
tenth costal cartilage just lateral to the nipple line, the stroke is directed 
downward for about S cm. In the lower parts the scratch is lateral, 
beginning away from the median line and directed inward. The linea 
alba must not be crossed. 
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The cutaneous contraction reflex can be defined as a response to a 
astimulus expressed in terms of involuntary muscular contraction, usually 
-not accompanied by pain. Here the element of correct interpretation is 
independent of the patient’s statement or intelligent cooperation. It is, 
-therefore, of inestimable value in children. 

The paths and mechanism of this contraction reflex is not definitely 
known. Many neurologists believe that they are cerebral, while others 
think that the complete cycle is in the spinal cord. Whether one or the 

• other view is correct, it seems to me that other factors enter into its 
mode of production and repression. 

The anterior abdominal wall is supplied by the lower seven inter- 

• costal nerves, which carry the motor and sensory fibers. The muscles 
•of the abdominal wall are of the voluntary group and can be contracted 
■ and relaxed at will. Normally, one either contracts or relaxes the whole 
■anterior abdominal wall, but does not have control over any particular 
segment. Tlie cutaneous reflexes, whether hyperesthesia or muscular 
•contraction, differ in that they are unilateral and segmental. The 
liyperalgesia cannot be controlled by the patient, that is, the pain is 
-present whether the patient says so or not. The contraction reflex can 
'be controlled by voluntarily holding the muscles in a state of tension. 
-Experimentally, it was shown that when the cutaneous nerves are severed, 
the muscular tone is still maintained, but the reflexes are abolished. The 
fact that the voluntary control of the abdominal muscles is S3mdironous 
•on both sides while the normal reflexes are unilateral and segmental is 
•more evidence that the muscular control and the cutaneous reflexes have 
•different centers. It therefore seems logical to conclude that the cutane- 
•ous reflexes are spinal, but that the muscular control is elsewhere, prob- 
•■ably in the cerebral system. As will be shown later, there may be rigidity 
•of the abdominal muscles with the reflexes exaggerated, diminished or 
■absent, depending on the underlying cause of the rigidity. 

GENERAL CONSIDERATIONS 

The cutaneous abdominal reflexes are absent in the first six months 
•of extra-uterine life. They become active in the second half of the first 
year, and their presence at this age <an be elicited with difficulty. From 
•then on they differ in their activity and are not to be interpreted in the 
:same way. 

Hyperesthesia consists of a sensation of increased pain when the skin 
•over a particular area is pinched. Only the skin must be stimulated, and 
not the underlying tissues. It is present in the early stages of disease of 
an intra-abdominal organ. The pathologic condition must not necessarily 
Tie an acute inflammation. Any process that causes increased tension, 
increased peristalsis or acute inflammation nill give hyperalgesia. It 
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When the reflexes are absent early, the condition is indicative of a 
-marked peritoneal involvement, and immediate interference is imperative. 
The following case illustrates this fact. 

Case 2. — M. Scoglio, a girl, aged 11 years, had been operated on by me for an 
acute appendicitis on Feb. 2, 1928. The abdomen was drained for a few days. At 
-that time, I noticed that the gallbladder was much enlarged. In the presence of 
infection, I refrained from doing anj'thing to this organ. The patient was dis- 
charged on February 19, cured. On March 11, she began to complain of pain in 
the abdomen, mostly on the right side. Vomiting began soon afterward and 
•continued for eight hours. When I saw her in consultation with Dr. Astrachan, 
the temperature was 101 F., the pulse rate 98 and the respirations 26. The abdomen 
was distended and extremely tender throughout. The abdominal reflexes were 
absent. In view of the previous laparotomy, a tentative diagnosis of intestinal 
obstruction was made. As the reflexes were absent, peritonitis was thought of, but 
was mentioned only as a probability. On making an incision into the abdomen, I 
found a ruptured gallbladder. This well illustrated that the absence of the reflexes 
was too early for an intestinal obstruction, but indicated peritonitis. 

In cases of fulminating peritonitis, such as pneumococcus or strep- ' 
tococcus forms, the reflexes are absent early and throughout the entire 
abdominal wall. In hemic peritonitis, the contraction reflexes are present 
at first, but tend to diminish later as absorption from the peritoneal 
cavity takes place. This is of some significance in children but not in 
adults. In cases of rupture in a:topic pregnancy, it is generally of less 
value as these patients are often obese and frequently multiparae. 

Cases of ruptured appendixes occur in which the contraction reflex 
is only diminished. In these, the appendix is retrocecal, and the toxic 
material has not invaded the anterior parietal peritoneum. The process, 
however, soon extends and the anterior wall becomes involved. The 
reflexes are then abolished. 

It must not be concluded that all forms of abdominal rigidity show 
an absence of this reflex. When the rigidity is the result of a general 
involvement of the nervous system, as for instance, meningitis, the 
abdomen may be rigid and the reflexes markedly exaggerated. This is 
well illustrated in the following case: 

Case 3. — H. M., aged 22, a drug clerk, while carrying a ladder, had felt a 
severe pain over the abdominal wall. It soon radiated to the back and was followed 
by a mild chill. Two hours later, he vomited twice, and the pain in the abdomen 
increased. Two enemas were ineffectual. I saw him twelve hours later. Exami- 
nation revealed a rigid abdomen, with tenderness more marked on the right side. 
The patient could not retain anything taken by mouth and appeared ill; the tem- 
perature was 101 F., the pulse rate 90 and the respirations 26. The contraction 
reflexes were exaggerated, and the spine was somewhat rigid. The condition 
proved to be meningitis. The exaggerated reflexes drew my attention to the spine. 

I confess that if it had not been for the reflex phenomenon, this patient might 
have undergone a laparotomy. 
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The cremasteric reflex cannot properly be called an abdominal reflex, 
as tlie cremasteric muscle is supplied by the external spermatic branch 
of the genitofemoral nerve. This reflex can be elicited in the triangle 
formed by a line drawn from the middle of Poupart’s ligament inward 
and meeting the sartorius muscle which forms the inner boundary of the 
triangle. This reflex is exaggerated in cases of ureteral colic or other 
diseases of the urinary tract and remains unaffected by intra-abdominal 
pathologic clianges. It is, therefore, of great help in distinguishing 
ureteral colic from acute appendicitis. 

1 liave studied 200 cases with relation to these reflexes. Special 
attention was paid to the contraction reflex as this, to my mind, is the 
more important of the two. Besides, the hyperesthesia reflex is present 
in only about 50 per cent of the aatte cases in adults, in which cases the 
diagnosis is not as difficult. 

As a genera] statement, it can be said that whenever the anterior 
parietal peritoneum becomes involved in an acute inflammatory process, 
the cutaneous contraction reflexes are abolished. The degree of suppres- 
sion is in direct ratio to the severity of the pathologic process. The area 
of absence of this reflex overlies the diseased organ. When the perito- 
nitis is diffuse; the whole abdominal wall is nonresponsivc. In well 
localized inflammatory processes, such as appendidtis and perichole- 
cystitis and others, the overlying area of skin does not respond to the 
scratch. The immediately surrounding areas show a diminution of this 
reflex and the opposite side responds normally. 

In children, in whom it is often difficult to differentiate between 
intrathoradc lesions and an acute surgical condition of the abdomen, I 
find that in the former condition the abdominal contraction reflex is 
present and exaggerated while in the latter this reflex is abolished. This 
is well illustrated in the following case. 

REPORT OF CASES 

Cask 1.— J. Lubcll, aged 4 years, liad a past history that was irrelevant. The 
diild began to complain of pain in the abdomen at 7 p. m. ; he TOinitcd soon after- 
\vard. This pain continued intermittently all night I saw the child with 
Dr. Blutstcin at about 10 a. m.; at this examination, the child looked ill. The 
temperature was 103 F. and the abdomen was tense, but a satisfactory examination 
could not be made as tlie child cried continually. Repeated enema.s .since the 
previous night were not of avail. Examination of the chest did not reveal any 
definite signs of a pulmonary lesion. The .ibdomen was distended, and the con- 
traction reflexes were somewhat exaggerated: this ruled out peritonitis. The 
diagnosis of pneumonia was confirmed thirty-six hours later. The child recovered. 

In cases of intussusception or other forms of intestinal obstruction, 
the contraction reflexes arc present at first but diminish later. When 
gangrene sets in or the transudate becomes toxic, the reflex is abolished. 



RELATION OF BACILLUS WELCHII ANTITOXIN TO 
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It is now generally recognized that death in cases of intestinal 
obstruction is due to the establishment of a toxemia. Two main theories 
have been advocated to account for the formation of the toxin concerned. 
One group of investigators ^ believes that the toxin is elaborated by 
a per\’ersion of function of the mucosa cells lining the obstructed loop ; 
the other group- assumes that the bacterial flora within the loop is 
responsible. The weight of experimental evidence to date is difficult 
to evaluate, but a communication by William “ demands that we investi- 
gate a known bacterial toxin which may possibly have a bearing on 
the problem. Williams thinks that the toxemia results from the 
absorption of Bacillus welchii toxin. He gives evidence of the prolifera- 
tion of the organism in the small bowel in cases of obstruction, and 
likewise of the presence of the toxin by the injection of the loop 
filtrate into mice; however, he has been unable to show that this toxin’ 
is absorbed. In a recent publication, Scholefield* concludes that the 
toxemia is due to the absorption of a toxin through the portal 
circulation. 

EXPERIMENTAL WORK 

The following experiments were undertaken to test the validity of Williams’ 
observations. standard experiment was used throughout, the conditions being 
maintained as nearly constant as possible. In dogs that were not fed the day 

♦From the Department of Surgerj', University of Rochester School of 
Medicine and Dentistry. 
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CONCLUSIONS 

1. The oitaneous abdominal responses are of two kinds: (1) h}‘per- 
esthesia, which is increased pain when the skin is pindied over a diseased 
organ, and (2) die contraction reflex, which is a response to scratching- 
of the skin over a particular area. 

2. Hyperesthesia is of value in diagnosing conditions in adults, while 
die contraction reflex is helpful in diagnosing disease in young persons. 

3. Hyperesthesia is present early in the course of abdominal disease 
(in about 50 per cent only) and diminishes later. The contraction, 
reflexes are absent when the peritoneum becomes involved. 

4. Both reflexes are unilateral and segmental. 

5. Rigidity of the abdominal wall, not the result of an intra-abdominal 
condition, may be accompanied by an exaggerated contraction reflex,, 
while tliat caused by inflammation of die peritoneum results in the 
absence of this reflex. 

6. In the obese and multiparas, the absence of the contraction reflexes 
is not of any particular significance, but the hyperesthesia has definite 
value. 
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essentials from that observed by other investigators. It corresponds well with- 
Haden and Orr’s control series.” Alost of tlie animals died in from three to four- 
days with a rapid rise in nonprotein nitrogen. Occasionally, an animal failed to- 
develop toxemia and the blood chemistry remained practically normal for over- 
a week (dogs 2 and 3). The case of dog 3 is especially interesting in that the- 
nonprotein nitrogen started at a high level and remained there for so long a time- 
without toxic sj’mptoms. The kidneys of this animal, however, showed dironic 
nephritis, which probably accounted for the observations. 


Table 1. — Obstruction of the Jejunum in Untreated Dogs 
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Obstruction at the same point was produced in second group of six dogs. After 
the toxemia was well established, as evidenced by the clinical appearance and blood 
chemistr}’, a lateral anastomosis was performed between the obstructed loop and 
the collapsed bowel below it (chart 2, table 2). Five of the six animals so treated 
died as a result of the toxemia and operation. The sixth animal was not really 
toxic when the obstruction was released. The toxicity developed so rapidly in 
some of the animals that anastomosis could not offer much chance of survival 
fdogs 9 and 11). Dogs 10. 12 and 13, however, had a good chance of recovery. In 
general, it seems fair to conclude that when the toxemia has become well estab- 
lished. surgical procedure alone will not effect a cure. The chances -can be much 
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before operation, obstructions were produced by dividing the jejunum and im’erting 
the ends at a measured distance (10 inches) below Treitz’s ligament* Ether 
anesthesia was employed. Water was allowed when desired following operation, 
but nothing else was given by mouth. The nonprotein nitrogen and blood 
chlorides were determined before and every day after the operation, specimens 
being taken from the jugular vein each morning. The nonprotein nitrogen of 
the whole blood was determined by the method of Folin and Wu, and the 
chlorides by a modification of the method of van Slyke. The degree of toxemia 
was judged from the clinical appearance of the animal and by tlie increase in the 
nonprotein nitrogen of the blood. It is not possible to estimate any exact day on 
which the toxemia will occur, as great variation takes place in this regard. When 
the dog appeared definitdy toxic, and when the nonprotein nitrogen was over 
40 mg. per hundred cubic centimeters, the %'arbus procedures outlined subsequently 



Chart 1. — ^Results of obstruction of the jejunum in untreated dogs. 


were carried out. Operations were invariably performed with the dog under ether 
anesthesia, and neither fluid nor salt solution was given to the animals, special 
care being taken to avoid saline on account of the beneficial effects shown by 
Haden and Orr.* The test was made difficult purposely, and it is realized that 
possibly better results could have been obtained by using local anesthesia, forcing 
fluids and bringing the salt balance back to normal. In all cases milk was allowed 
after the release of an obstruction by lateral anastomosis between the loops. 

Obstructions were produced by dividing the jejunum and turning in the ends 
10 inches below Treitz's ligament. Death occurred in from four to ten days 
with a rise in the nonprotein nitrogen and a fall in the blood chlorides. This 
served as the control series (chart 1, table 1). This group does not differ in any 

5. The suspensory ligament whicii marks the transition between the dv.o< 
denum and the jejunum is referred to as Treitz’s ligament throughout this c<m- 
munication. 

6. Haden, R. L.. and Orr, T. G.: ObstructioiJ of the Jejunum, Arch. Surg. 
11:859 (Dec.) 1925. 
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Chart 4. — ^Results of obstruction of the jejunum with lateral anastomosis after 
toxemia had been established plus the administration of B. ivelchii antitoxin. 
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:improvcd by local ancslhosia, hypotlennoclysis, increase in ibe sodium chloride 
.and possibly by emptying the obstructed loop of its contents or removing the dis- 
-tention (enterostomy). 

Two dogs were given B. welchii antitoxin intravenously, the amount being 
'based on 1.5 cc. serum per kilogram of body weight. After this, the bowel was 
•obstructed (chart 3, table 3). Both dogs were slow in developing toxemia and 
•died only after eleven and fourteen days, respectively. The antitoxin seemed to 
delay the toxic s 3 ’mptoms. Additional experiments of this kind must be car- 
-xied out. 

Eleven dogs were given B. tocichii antitoxin intravenously and obstructions 
])roduccd as previously described. After a toxemia was well established, a lateral 



Chart 2. — ^Results of obstruction of the jejunum with lateral anastomosis after 
Hoxemia had been established. 


anastomosis was performed to relieve the obstruction, and more B. welchii 
antitoxin was administered (chart 4, table 4). ' Eight of the eleven animals sur- 
vived the toxemia and operation and recovered; three animals died. Animals IS, 
16, 17 and 18 were treated with a dilute antitoxin, and the results were uniformly 
•successful. After this, the manufacturing company stopped malting the dilute 
antitoxin and supplied only a "concentrated” form. This was the antitoxin used 
•on animals 19, 20, 21 and 22, only one recovering. Whether the concentration 
■of the antitoxin produced this change in the results is not known. Animals 29, 30 
and 31 were given the unconcentrated form of the original successful serum, but 
■the unit value was double that of the former. It is the impression that the dogs 
treated with B. welchii antitoxin develop toxemia more slowly after the obstructions 
are established and that the same animals withstand operation better than normal 
dogs with obstructions. Haden and Orr* showed that when toxemia had been 
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Table 4. — Obstruction of Jejunum xtnth Lateral Anastomosis After Toxemia U'as 
Established Plus B. JVelchii (Perfringen) Antitoxin 
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LOS ANGELES 
URETHRA 

Urethrography s — ^Miyata and ICajikawa ^ have made forty-four 
urethrograms in thirty-two cases of normal and pathologic urethras. 
In some cases material was injected into the, bladder and a urethrogram 
obtained during micturition, and in the others the urethrogram was 
made during injection of the urethra. They used 40 per cent iodized 
oil, from 5 to IS per cent sodium bromide, from 5 to IS per cent sodium 
iodide, from 5 to 10 per cent caldum bromide and from 5 to 10 per 
cent calcium iodide. The 40 per cent iodized oil was found to be 
satisfactory. The complications in certain cases were intense pain and 
hematuria, sometimes for two days following injection. Tlie oil, how- 
ever, did not cause symptoms. Twenty urethrograms are shown and 
compared to normal cases. 

ANESTHESIA 

Berry' reported 16S consecutive cases of epidural (caudal) anes- 
thesia in perineal operations on tlie prostate and seminal tract. The 
series included 140 cases of perineal prostatectomy and 3 of punch 
operation for benign prostatic hypertrophy, 16 cases of conservative 
and 3 of radical perineal prostatectomy for carcinoma of the prostate, 
and 3 cases of radical excision of the entire seminal tract for 
tuberculosis. 

General anesthesia was induced in all cases by a single injection of 
20 cc. of a 3 per cent solution of procaine hydrochloride into the 
extradural space of the sacral canal. Paravertebral injections for block- 
ing the nerves at the sacral foramina on either side, or transsacral 

1. Miyata, T., and Kajikawa, H.; Rocntgcnoloso’ of the ifalc Urethra 
Especially Posterior Urethra, J. Oriental Med. 6:31, 1927. 

2. Berry, G. P.: Caudal Epidural Anesthesia in Perineal Surgery of the 
Genito-Urinary Tract, J. A. M. A. 90:1018 (March 31) 1928. 
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obstruction in bringing about the rccoveiy of dogs with obstructions. 
Control dogs do not recover under similar circumstances. 

The antitoxin seems to be specific in its action, as other forms of 
antitoxin and serum are not effective. 

These experiments give only indirect evidence that the toxin of 
Bacillus wcichii is concerned. Additional experiments on the direct 
effect of the toxin arc being conducted. 
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operative work, recommended from 20 to 25 cc. of 2 per cent solution 
of procaine with the addition of sodium chloride and sodium bicarbonate. 
Other formulas have been proposed. It has been maintained that the 
efficiency of the solution is increased by the addition of calcium chloride, 
and potassium sulphate has been emplo^'ed for the same puqiose. 
Meeker and Scholl," in a series of 500 cases, added bicarbonate of soda, 
sulphate, calcium chloride and a number of other drugs to procaine in 
an endeavor to increase the efficiencj^ of the anesthesia. Their experience 
has not indicated that the combination of other solutions with procaine 
results in more satisfactory anesthesia. In their series of more than 
1,800 cases of sacral anesthesia including caudal (sometimes called 
epidural) and complete intrasacral anesthesia, it was found that 1 per 
cent solution gave a minimal reaction and the most satisfactory and 
lasting anesthesia. In a series of 585 cases of simple caudal injections 
reported by Scholl, the most satisfactory results were obtained with 
a 2 per cent solution in which approximately 0.6 Gm. of procaine was 
injected. The percentage of failure following simple caudal injection 
is greatl}' reduced by injecting the first and second lateral foramina. 
This also markedly diminishes the time in which the anesthesia appears. 

Caudal anesthesia is not new, but its efficiency is particularly marked 
in such cases as Young described in which operative approach through 
the perineum is used. It is also a satisfactor}' anesthesia for rectal 
work and for perineorrhaphy. The maximal anesthesia, after caudal 
anesthesia, is obtained in the space between the rectum and the scrotum 
and between the rectum and the urethra in the female.] 

CYSTOSCOPIC REACTION 

Wehrbcin® reported a series of 328 cystoscopic examinations by 
three operators with 63 (19.2 per cent) reactions. The operator having 
the fewest reactions was the one who possessed unusual skill and 
gentleness in manipulation and exercised good judgment concerning the 
iength of the procedures. On the other hand, reactions occurred more 
commonly when the operator insisted on complete investigation, although 
prolonged and difficult, and considered the patient’s discomfort less than 
did the other operators. 

-Vpparently lesions of the urinary tract have nothing to do with 
cystoscopic reactions. In 279 such cases reactions occurred in 55 
» 19.7 per cent). In forty-nine cases without lesions of the urinary 
tract, reactions occurred in eight (16.3 per cent). 

The diftercnce between the percentage of reactions <luc to 
pyelographic procedures and to mere ureteral manipulations is not great. 
There were 20.7 per cent reactions with pyelography and 14.3 per cent 

5. Meeker, \V. R., and Scholl. A. J.: Sacral Nerve Block .•\nc.'thc.«ia ; the 
.-Xr-itonty Involved. Technic and Clinical Application, .‘Xnn. Siirp. S0;7.>9, 1924. 

o. \Ve!ir!«ein. II. L : Cv>tojronv Reaction®, .^nn. Sure. 87;J35. 192S. 
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intradural injections to augment caudal anesthesia, were not used, nor 
was the extradural injection repeated in case of failure. 

Complete abolition of pain following the single injection was secured 
in 84 per cent of the cases, while in the remaining 16 per cent general 
anesdiesia was required. Serious reactions did not occur, and in 52 
per cent of the cases there were no reactions. 

Symptoms characteristic of general intoxication from procaine 
occurred in 10 per cent. The remaining cases showed symptoms sec- 
ondary to visceral vascular dilatation from paralysis of the sympathetic 
nerve. 

Berry used 20 cc. of 3 per cent solution of procaine and considered 
that this amount and strength are the most desirable because of absence 
of any serious reactions. 

Young® staled that there arc several factors to be considered in 
the clioice of anesthetic in prostatic cases. The first of these is the 
function of the kidneys, as in a large proportion of cases of prostatic 
hypertrophy there is so much back pressure as to impair renal function. 
Cardiovascular disorders arc also common. In about 3 per cent of the 
cases the systolic blood pressure was 150 or more. Some form of 
heart disease was present in almost half of the 198 cases; in many 
of these, nitrous oxide was distinctly contraindicated. 

Young used spinal anesthesia extensively, but has abandoned it 
because he believed that it is fraught with a certain amount of danger. 
The region anesthetized is much more extensive than is necessary, and 
the reactions are dangerous and difficult to counteract. He lias used 
caudal anesthesia since 1924. At first he used a 1 per cent solution, 
but after a long series of experiments he found that better results 
and less reaction were obtained by the use of 20 cc. of 3 per cent 
solution. In a number of cases he was able to cariy out his radical 
operation for carcinoma of the prostate, in which he removed the 
prostate with the vesical neck, seminal vesicles and ampulla of the vas 
deferens. The only pain experienced occurred when the vas deferens was 
reached. To overcome this pain, he now makes a local injection of 
procaine. There were no operative or anesthetic deaths in 265 cases. 

In view of the fact that most of his patients were advanced in 
years and also that the work of several other men was included, this 
is an unusual report. 

[Ed, Note.— Both Young and Berry stated that they secured the 
best results when using 20 cc. of 3 per cent solution. The quantity 
and percentage strength of the solution varies in the hands of different 
operators. Lawen,^ who first demonstrated its practicability for 

3. Youngr. H. H. : Epidural Caudal Anesthesia in Prostatic Surccry. J. A 

M. A. 90:1021 (March 31) 1928. ’ 

4. Lawen, A.; Die Extraduralanasthesie, Ergcbn. d. Chir. u. Orth. 5:39, 19J3. 
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PAIN IN THE BACK 

Kutzmann^ stated that a significant relationship exists between 
urologic conditions and pain in the back. He discussed the causes of 
urologic disorders and described the character and nature of the pains 
involved. In summarizing, he concluded that the genito-urinary tract 
plays the chief part in the etiology of pain in the back and that the 
causes of urologic disorders may be divided into four groups : 
(1) Focalized or visceral pain, (2) radiating colic-like pain, (3) referred 
pain and (4) metastatic pain. He expressed the opinion tliat the 
physician should acquire certain preliminary or presumptive evidence 
before resorting to further urologic procedures. 

Hinmim, in discussing the paper, noted that the stated conditions 
may be present often without pain, and that pathognomonic pain of 
intra-abdominal disease is not present. Certain cases are more charac- 
teristic, but the typical pain of appendicitis can be simulated by ureteral 
stone and vice versa; pain in the gallbladder may be reproduced by 
renal stone. Hinman also stated, in regard to ureteral pain, that when 
the pain is referred to the testicles from a lesion in the upper part 
of the ureter, the tunics of the testide alone are sensitive, whereas in 
referred pain in the testicle from lesions lower in the ureter, the skin 
of the scrotum may also be sensitive. Also the spinal segments supply- 
ing the bladder, penis and scrotum are often implicated in referred pain. 

KIDNEY 

Surgical Nephritis. — ^Tietze® stated that renal decapsulation, until 
recently, was considered an operation for anuria, threatened oliguria 
or renal hemorrhage; its use in nephritis was thought problematic. 
Volhard concluded that the fate of the tubules depended on the cir- 
culation of the glomeruli; and gave the following classification: 

First Chief Group ; Primary parenchymal degeneration (not brought 
about by a disturbance in glomerular drculation) : nephrosis and necrosis. 

Infectious nephritides: (1) hemorrhagic nephritis, (2) nephritis 
dolorosa. (3) embolic nephritis in endocarditis, (4) septic interstitial 
nephritis (accompanying general sepsis) and (5) hematogenous pus in 
the kidneys. 

Second Chief Group : The disturbance of the glomerular circulation 
functionally, that is, angiospastic, depends on: (1) acute diffuse 
glomerulonephritis ; (2) the kidney in eclampsia and during pregnane}’, 
and (3) incipient lead poisoning of the kidney. 

The disturbance of the glomerular circulation organically depends 
on: (1) the chronic, that is, unhealed glomerulonephritis in its various 

S. Kutzminn. A. .-X. : B.ick P.ijn of Urologic Origin, California & West, Med. 
27:20?. 1927. 

9. Tictre, .Mexander: Erfahrungen mil dcr Xiercndckapsulation, Bcitr. r. 
klin. Okt. 139:88, 1927. 
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with ureteral manipulations. Five of twelve double pyelograms (41.7 
per cent) were followed by reactions. This not only points to the 
inadvisability of making double pyelograms, but accentuates the facli 
previously mentioned, that the pydogram per se represents an additional 
injury. 

Welirbein concluded that the presence of infectious organisms and 
trauma are the most significant factors in the causation of reactions 
following cystoscopy. Elevation of the temperature and injection of 
die urinary tract, with the exception of acute prostatitis, are not absolute 
or even common contraindications to cystoscopy. 

CHEMISTRY OF THE BLOOD 

Bandler and Killian' reviewed extensively the value of chemical 
analysis of the blood in urologic cases. Various methods were discussed 
and the results of chemical analyses were reported in eleven cases which 
represent various degrees of renal impairment due to lesions in the 
urinary tract. The practical value of chemical analysis of the blood 
was discussed in relation to a delemiinalion of the therapeutic measures 
to be employed. Cases 1 and 2 illustrate the improvement of renal 
function that follows relief of urinary obstruction and the increase in 
the volume output of urine caused by forcing fluids. In the second 
case, failure to relieve the obstruction by catheterization signified the 
necessity of immediate surgical intervention despite the elevation of the 
blood urea nitrogen. The preoperative improvement in renal function 
diminished the surgical risk, and failure to utilize tlie data obtained in 
chemical analyses as an index to treatment increased the surgical risk. 
Increasing the fluid intake did not appreciably influence the retention of 
nitrogen in the blood unless the urinary obstruction was removed. 

In cases showing nitrogen retention, the prognosis, whether from 
a surreal or medical standpoint, should be based not on the concentra- 
tion of any one nitrogenous waste product in the blood, but rather on 
the relative concentration of urea nitrogen and of the creatinine. When 
the retention of nitrogen in the blood is due to mechanical obstruction, 
a rise in urea nitrogen and creatinine to the same extent is observed. 
In chronic renal impairment, however, a relatively greater concentration 
of creatinine than of the urea nitrogen is noted. Analogous changes 
in the chemical composition of the blood are observed in cases of 
mechanical obstruction in the urinary tract, whether this obstruction 
occurs in the urethra, in the bladder, in the ureters or in the kidneys. 
The retention of nitrogen observed after obstruction of one ureter is 
as great as in bilateral ureteral obstruction. This observation has been 
corroborated by animal experiments. 

7. Bandler, C G., and Killian, J. A.: The Practical Value of CSiemical 
Analysis of the Blood in Urological Conditions, J. Urol. 19:1, 1928. 
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PAIN IN THE BACK 

Kutzmann* stated that a significant relationship exists between 
urologic conditions and pain in the back. He discussed the causes of 
urologic disorders and described the character and nature of the pains 
involved. In summarizing, he concluded that the genito-urinary tract 
plays the chief part in the etiology of pain in the back and that the 
causes of urologic disorders may be divided into four groups : 
(1) Focalized or visceral pain, (2) radiating colic-like pain, (3) referred 
pain and (4) metastatic pain. He expressed the opinion that the 
physician should acquire certain preliminary or presumptive evidence 
before resorting to further urologic procedures. 

Hinman, in discussing the paper, noted that the stated conditions 
may be present often without pain, and that pathognomonic pain of 
intra-abdominal disease is not present. Certain cases are more charac- 
teristic, but the t^'pical pain of appendicitis can be simulated by ureteral 
stone and vice versa; pain in the gallbladder may be reproduced by 
renal stone. Hinman also stated, in regard to ureteral pain, that when 
the pain is referred to the testicles from a lesion in the upper part 
of the ureter, the tunics of the testicle alone are sensitive, whereas in 
referred pain in the testicle from lesions lower in the ureter, the skin 
of the scrotum may also be sensitive. Also the spinal segments supply- 
ing the bladder, penis and scrotum are often implicated in referred pain. 

KIDNEY 

Surgical Nephritis, — ^Tietze® stated that renal decapsulation, until 
recently, was considered an operation for anuria, threatened oliguria 
or renal hemorrhage; its use in nephritis was thought problematic. 
Volhard concluded that the fate of the tubules depended on the cir- 
culation of the glomeruli', and gave the following classification; 

First Chief Group : Primary parenchymal degeneration (not brought 
about by a disturbance in glomerular circulation) : nephrosis and necrosis. 

Infectious nephritides: (1) hemorrhagic nephritis, (2) nephritis 
dolorosa, (3) embolic nephritis in endocarditis, (4) septic interstitial 
nephritis (accompanjring general sepsis) and (5) hematogenous pus in 
the kidneys. 

Second Clrief Group: The disturbance of the glomerular circulation 
functionally, that is, angiospastic, depends on: (1) acute diffuse 
glomerulonephritis; (2) the kidney in eclampsia and during pregnancy, 
and (3) incipient lead poisoning of the kidney. 

The disturbance of the glomerular circulation organically depends 
on: (1) the chronic, that is, unhealed glomerulonephritis in its various 

8. Kutzmann. A. .A. : Back Pain of Urologic Origin, California & West. Med. 
27;20S, 1927. 

9. Tietze, -Alexander: Erfahrungen mit der Xierendckapsulation, Beitr. z- 
klin. Diir. 139 :SS, 1927. 
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stages of glomerular circulation disturbance, leading to early renal 
insufficiency (subacute course of extracapillary nephritis); the sub- 
chronic course of intracapillary nephritis disguised by the picture of 
earlier chronic parenchymal nephritis ; a third chronic course simulating 
die picture of chronic interstitial nephritis; (2) renal sclerosis and 
true contracted kidney, and (3) amyloid kidney. 

The success of decapsulation, according to this classification and 
as performed by Kiimmd, was not noted in nephrosis except in unusual 
cases, and in necrosis the operation was carried out in cases of anuria 
with poor results. 

The more remarkable results were with the infectious nephritides; 
bleeding ceased, pains disappeared and the infected kidneys recovered. 

In the second chief group, the results in cases of anuria, acute 
nephritis and edampsia, such as resumption of urinary flow and rapid 
recovery from renal disease, were phenomenal. There were, however, 
some failures. 

In the really chronic nephritides or organic disturbances of the renal 
circulation, Volhard did not note a successful result. 

Tietze next mentioned the work of Edebohls and Rovsing, both of 
whom advocated decapsulation on the theory of renewed circulation 
from the adjacent tissues. 

In condusion, Tietze stated that the operation of decapsulation 
is still worthy of consideration even though its indications in the fore- 
going conditions may be limited. 

[Ed. Note. — number of reports of operation in cases of nephritis 
have been published recently. Rovsing” reported a series of 157 cases, 
of which 77 were his own. Thus, fifty-three of sixty-two patients 
with interstitial nephritis were cured following decapsulation; eight 
were improved and one died. Of fifty-six patients with granffiar 
nephritis, twenty-four were cured, twenty-one were unproved, two 
remained the same and nine died. Eight of twenty-four patients with 
nephrosis were cured, nine were improved, four remained the satnp 
and three died. Of nine patients with glomerulonephritis, four were 
cured, four were improved, and one remained tlie same. These patients 
of Rovsing were operated on during a period of thirteen years. The 
operative procedure carried out in most of his cases was nephrolysis, 
that is, shelling the kidney out from its capsule of fat and connective 
tissue. This operation is carried out through a lumbar incision; the 
Iddney is stripped from its fatty capsule; the membrana propria is 
lifted and incised near the convexity of the kidney and stripped off 
by means of blunt dissection to the renal hilum. 

10. Rovsing, T.: Qiinirgische Behandlung der Nephritiden. Verhandl d Dan 
Med. Ges. 10:23, 1922-1923. 
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Kiimmcll '' stated that the good effect of decapsulation is probably 
due to the removal of the fibers of the sympathetic nerve which arc 
severed from the kidney by the removal of the capsule. The establish- 
ment of collateral circulation and the formation of a new capsule, which 
takes place rather readily, can account only in part for the favorable 
results. Kummell reviewed the clinical results of his cases of nephritis 
in which either nephrotomy or decapsulation was carried out. Nine 
of forty-two cases in which operation was performed were associated 
with nephritis dolorosa. Nephrotomy was performed in fifteen, 
nephrectomy in three, and decapsulation in twenty-four cases. Fifteen 
of the twenty-four patients were dismissed as almost cured, eight as 
improved, and one died fourteen days after operation from pneumonia. 

Quinby*® reported three cases of decapsulation for various forms 
of nephritis treated at the Peter Bent Brigham Hospital; one was a 
case of hemorrhagic nephritis, one of acute tubular nephritis, and one 
of chronic glomerulonephritis with edema. After bilateral decapsulation 
the patients were observed carefully with respect to chemical changes 
in the blood as well as other more general observations ; none of them 
derived any benefit. 

Few reports on nephritis have been published in this country, and 
these, like Quinby’s, do not reflect the general optimism of the reports 
of Rovsing, Kummell and Damski from European clinics. Apparently 
this operation is performed frequently in urologic centers in Europe. 
It offers enough possibilities to be considered at least in certain types 
of cases in our urologic clinics.] 

Jicnal Stones. — ^Beer^® stated that, before considering operative 
intervention in the treatment of renal stones, it is necessary to know 
whether or not the patient’s kidney is infected, whether it is sufficiently 
preserved to be of future service, whether the other kidney is able to 
support life should nephrectomy be necessary, and whether the involved 
kidney is the only one the patient possesses. In regard to infection, 
if a renal stone is removed by nephrotomy, sutures passing through 
such a kidney may lead to secondary widespread infection, so that 
nephrectomy is necessary later. If the stone is in a solitaiy kidney, 
the kidney should be handled carefully and not removed from its 
normal position, the operation being performed in situ. On the other 
hand, if functional tests show that the organ is markedly destroyed and 
full of pus, unless adequate parenchyma is found, nephrectomy may be 
advisable. 

11. Kiimmcll, H. : Die chirurpisclic Bchandlung dcr Nephritis, Ztschr. f. arol. 
Oiir. 17:27, 1925. 

12. Qtiinby, \V. C: A Note on the Results of Decapsulation of the Kulncy 

for Various Forms of Nephritis, J. Urol. 13:321, 1925. . -i 

13. Beer, Edwin: Points in the Technic of Operative Remoral of 
StoT’.cs. .^n^. Surpr. 87:428, 1928. 
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stages of glomerular circulation disturbance, leading to early renal 
insufficiency (subacute course of extracapillary nephritis); the sub- 
dironic course of intracapillary nephritis disguised by the picture of 
earlier chronic parenchymal nephritis; a third chronic course simulating 
the picture of chronic interstitial nephritis; (2) renal sclerosis and 
true contracted kidney, and (3) amyloid kidney. 

The success of decapsulation, according to this classification and 
as performed Kummel, was not noted in nephrosis except in unusual 
cases, and in necrosis the operation was carried out in cases of anuria 
with poor results. 

The more remarkable results were with the infectious nephritides; 
bleeding ceased, pains disappeared and the infected kidneys recovered. 

In the second chief group, the results in cases of anuria, acute 
nephritis and eclampsia, such as resumption of urinary flow and rapid 
recovery from renal disease, were phenomenal. There were, however, 
some failures. 

In the really chronic nephritides or organic disturbances of the renal 
drculation, Volhard ffid not note a successful result. 

Tietze next mentioned the work of Edebohls and Rovsing, both of 
whom advocated decapsulation on the theory of renewed circulation 
from the adjacent tissues. 

In conclusion, Tietze stated that the operation of decapsulation 
is still worthy of consideration even though its indications in the fore- 
going conditions may be limited. 

[Ed. Note. — number of reports of operation in cases of nephritis 
have been published recently. Rovsing “ reported a series of 157 cases, 
of which 77 were his own. Thus, fifty-three of sixty-two patients 
with interstitial nephritis were cured following decapsulation; eight 
were improved and one died. Of fifty-six patients with granular 
nephritis, twenty-four were cured, twenty-one were improved, two 
remained the same and nine died. Eight of twenty-four patients with 
nephrosis were cured, nine were improved, four remained the same 
and three died. Of nine patients with glomerulonephritis, four were 
cured, four were improved, and one remained the same. These patients 
of Rovsing were operated on during a period of thirteen years. The 
operative procedure carried out in most of his cases was nq)hrolysis, 
that is, shelling the Iddney out from its capsule of fat and connective 
tissue. This operation is carried out through a lumbar incision; the 
Iddney is sapped from its fatty capsule; the membrana propria is 
lifted and incised near the convexity of the kidney and stripped off 
by means of blunt dissection to the renal hilum. 

10. Rovsing, T. : Chirorgtsche Bebmdlung der Nephritiden, Verhandl. d. Dan. 
Med. Ges. 10:23, 1922-1923. 
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bleeding from the renal parenchyma. This is done by putting a soft 
rubber tube about the renal pedicle, crossing the two loops of rubber 
tube on the anterior surface of the pedicle, and at the crossing placing 
an artery forceps. 

In cases in which the capsule is stripped from the parenchjTna in 
delivering the organ, it is necessary to remember that in performing 
pyelotomy tire reflected capsule, the adherent perinephric fat, the fat 
surrounding the kidney, and finally the pdvis itself must be cut through 
before the stone is readied. 

After performing pyelolithotomy, it is immaterial whether or not 
the pelvis is carefully dosed by sutures. In some cases the pelvic 
incision will not leak even though dosure is not made; on the other 
hand, some pelves which have been carefully sutured leak freely. 

Hydronephrosis . — The infrequency of dystocia because of a mal- 
placed kidney prompted Idel “ to report the case of a woman, aged 34, 
who had had six spontaneous deliveries, the last four years previously. 
Examination revealed dystocia due to a pelvic tumor which was thought 
to be an ovarian cyst. Cesarian section was performed. Following 
delivery, the uterus was repaired and pushed anteriorly. A large cystic 
tumor was found retroperitoneally occupying the pouch of Douglas. 
It was the size of a child’s head, with a capacity of 2 liters. It was 
ruptured during removal, with loss of a great deal of blood. The 
patient died, and necropsy revealed hydronephrosis in a left unilateral 
fused kidney at the level of the sacrum. 

Maximovitsch discussed the question of plastic operations for 
hydronephrosis and reported 112 cases. Fifty-two of the patients were 
men and sixty were women. Hydronephrosis was complete in 104 cases 
and partial in 8 cases. Infection was present in fifty-six cases and 
was not present in fifty-six. 

The cause was stricture, kink, anomaly, tumor, atony, etc., in fifty 
cases, stones in forty-seven, tuberculosis in five and not determined in 
ten. 

Nephrectomy was performed in sixty-seven cases, nephrostomy in 
twenty and plastic operations in twenty-four (neostomy in five, plastic 
operation and straightening of the ureter in ten, and pelvic resection, 
with plication in nine). 

One hundred and three patients recovered, and nine (8.7 per cent) 
died. The treatment of hydronephrosis may be either conseni’ative or 
operative. The former consists of pelvic lavage, which may control an 
inflammatory process and cause some contraction of a dilated pelvis. 

14, Idcl, August: Hydronephrose eincr dystopen Vcrschmelziingsnicrc als 
Gcburtsliindcrnis, Zcntralbl. f. Gynak. 51:2913, 1927. 

15. Maximovilsch, A- S.: Ueber plastischc Operationen bci dcr Hydro- 
nepbrosis. Ztschr. f. urol. Oiir. 23:383, 1927. 
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In Beer’s series of 271 cases of renal stone, he found that in 18 
per cent tlie kidneys were so badly destroyed that it was inadvisable 
to save tlie organ. In 5 per cent of the cases, either the other kidney 
was diseased or the stone was in a solitary kidney, so that it was 
necessary to remove the stone without dislocating the organ. In the 
remainder of the cases. Beer’s choice of operation was pyelotomy or 
nephrotomy, or a combination of the two.. In recent years, pyelotomy 
has become the more popular type of operation. In Beer’s last series 
of thirty-eight cases, nephrolithotomy was performed in one, nephrec- 
tomy in eight, and pyelolithotomy or combined pyelonephrolithotomy 
in the remainder. Incision into the pelvis spares the parenchyma of 
the kidney. 

Beer exposes the kidney adequately by means of an inverted "S” 
incision in the lumbar region which begins close to the eleventh rib 
at the margin of the erector muscle; it then passes obliquely down 
through the lumbar space between the crest of the ilium and the last 
rib. Paralleling the last rib, it should extend forward and downward 
in front of the anterior spine as far as is necessary to get an adequate 
approach. The kidney being exposed through this incision is gradually 
liberated from its perinephric fat; adhesions to the upper pole should 
be carefully ligated before being cut, and then the kidney can usually 
be completely liberated and dislocated unless there are contraindications 
to this procedure. This usually permits the operator to raise the organ 
well up to the muscular or skin plane. After the kidney is exposed 
in this way, the ureter should be exposed as a routine and a double 
loop of heavy catgut should be thrown around the ureter to constrict 
its lumen, which prevents fragments which may break off from the 
stone or stones slipping into the ureter, and subsequently causing 
obstruction or symptoms due to the existence of fragments in either 
the lumbar or the pelvic ureter. 

When the kidney is well exposed, most stones can readily be removed 
by a posterior pyelotomy incision. Abnormal vessels can us uall y be 
pushed aside. At times veiy large and distorted stones can be readily 
removed through an incision in the renal pelvis. 

After a renal stone is removed. Beer washes out the organ with 
a strong stream of water introduced through a large catheter, so as 
to clean out any sand or fragments. Beer has not found fluoroscopy of 
the kidney at the operating table entirely satisfactory. At times stnall 
stones have been removed from the kidney directly after the fluoroscopic 
examination had shown that the Iddn^ did not harbor more calculi. 
He carries out Quinby’s system of taking pictures of the kidney for 
immediate development. This procedure is carried out in aU his cases, 
except in those with single small stones. 

If the pyelotomy approach is impossible, nephrolithotomy may be 
necessary. If wide nephrotomy is performed, it is well to control the 
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Hydronephrosis secondary to aberrant vessels is characterized by 
intermittent, regular attacks of renal pain occurring over a period of 
months or years, usually in the 3 '’oung adult. 

It occurs most frequently in patients predisposed to movable kidney 
who present a peculiar form of the body consisting of an elongated 
thorax, with a small abdominal circumference in which the paravertebral 
fossa is- shallow, cylindrical or funnel-shaped. Because of the role 
played by renal mobility, it is more common in women, on the right 
side. 

The kink in the ureter can be demonstrated by a proper uretero- 
pyelogram in the vertical position. The, dilatation of the ureter and 
pelvis always commences just above the point of obstruction by the 
vessel. The enlarged kidney can be palpated in about 40 per cent of 
the cases. 

When conservative measures fail to relieve symptoms, surgical inter- 
vention should be resorted to. In early cases division of the vessel 
and suspension of the kidney will suffice. In the more advanced type 
presenting the narrowing of the ureteropelvic juncture, it is necessary 
to widen by plastic operation. In badly infected hydronephrotic kidneys 
and in those presenting advanced destruction, nephrectomy is the treat- 
ment of choice. 

Good results were obtained from surgical intervention. In a group 
of eleven patients who received surgical treatment, there %vas complete 
relief of symptoms. 

It behooves the urologist, internist and general surgeon to recognize 
the clinical entity of the particular type of movable kidney which, 
when it descends over an aberrant vessel, causes marked disturbances 
and symptoms. 

Fabian reported a case of carcinoma of the bladder which did not 
produce any local symptoms except a hemorrhage. The growth 
occluded the outlet of the right ureter and led to hydronephrosis with 
pyelitis, which in turn caused ileus. The outlet of the bladder was 
so narrowed that tystoscopy was impossible. Tumor was felt on rectal 
examination and was mistaken for prostatitis. On admission to the 
hospital, symptoms of ileus dominated the picture, but obstruction in 
the intestine was not found at operation. The true nature of the con- 
dition was made clear by the sudden rapid growth of the tumor. The 
patient, a man, aged 36, died two months after the first appearance 
of sjTnptoms in the abdomen and the region of the kidney. 

Rmal Anomalies . — ^MacKenzie and Hawthorne*® reported a series 
of six cases of unilateral renal aplasia. Five of the patients arc living, 

17. Fabian, K.: Blascncrkrankung mil ilcusartigan Erscheinungen, Zcntralbl. 

■f. atir. S1;9S3. 1927. . . , • 

18. MacKcnzie, D. W., and Hawthorne, A. B.; Unilateral Renal ApW^a. 

Surg. G>-ncc. Obst. 46:42, 1928. 
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The presence of ureteral stricture should indicate dilatation with bougies. 
In certain cases operation should not be performed, such as cases of 
a large, endosed aseptic hydronephrotic sac of long duration, especially 
if the removal by changing the intrathoracic pressure would increase the 
danger of the anesthetic. In the removal of large kidneys, the size 
of the operative wound and the trauma may cause emboli. 

The operative treatment of hydronephrosis may constitute: (1) a 
procedure whidi removes the cause of the hydronephrosis and restores 
renal function, (2) palliative openings into the hydronephrotic sac and 
(3) nephrectomy. 

Plastic operations are employed to eliminate ctiologic factors such 
as strictures, kinks and growths. The methods are various and mani- 
fold. Plastic operations on the renal pelvis and ureter are at times 
satisfactory. Plastic operations necessitate an efficient and careful 
technic and must be carried out with meticulous care. Sutures and 
edges of wounds must be carefully handled if successful healing is 
to be realized. At best, the results of plastic work are problematic 
even when complications do not occur and the operation has been 
technically successful. In the experience of Maximovitsch’s clinic, 
lateral anastomosis has been the least successful, as determined by 
secondary operation or necropsy. 

Maximovitsdi believed that sufficient time has not been allowed to 
determine the results which may occur in this field of surgery. 
According to him, tins type of work has a great future, which has not 
yet been fully developed. 


Mathe “ has made a plea for early relief by conservative operation 
for hydronephrosis secondary to aberrant renal vessels with movable 
kidney or kinking of the ureter. 

The renal blood vessels are irregular in distribution and present 
numerous varieties and anomalies. This is explained by the fact that 
there may be multiple renal arteries and veins with every conceivable 
type of branching, depending on the selection of the channels from the 
em ryonic periaortic plexus. Retention of a portion of the normal renal 
VMcuIar relations of the embryo before the ascent of the mesonephros 
into the renal fossa may occur. 

the anomalous vessels do not cause obstructive symptoms 
mobilitv^mal^^™’^^ tr^tment. In a certain percentage of cases, renal 

obsl^- "f? mechanical factors and 

causes obstruction and hydronephrosis. 


nephrosis, J. Urol. 19;Sl, Aberrant Vessels in the Production of Hydro- 
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may cause rupture of the kidney if it is in a state of hydraulic tension; 
(3) most traumatic ruptures heal without surgical intervention, but 
the patient should be hospitalized and carefully observed until hematuria 
subsides; (4) most ruptured kidneys which require operation may be 
saved by palliative operation; nephrectomy is seldom necessary; (5) the 
symptoms of ruptured kidney are usually definite but may be mistaken 
for intraperitoneal lesions ; (6) cystoscopy usually is not necessary for 
diagnosis, but should be done occasionally to determine the condition 
of the injured kidney; (7) pyelography is an aid to accurate diagnosis 
in selected cases; (8) moderate leukocytosis (13,000 to 18,000) may 
not indicate infection, but absorption of the blood clot and secondary 
anemia; (9) it is safer to investigate doubtful cases under regional 
anesthesia than to treat them expectantly; (10) operative procedure is 
indicated to prevent exsanguination, extravasation and infection, and 
(11) the morbidity incident to a ruptured Iddney is more dependent on 
the state of shock and subsequent infection than on the amount of 
secondary hemorrhage. 

Paranephritic Abscess. — Chwalla®^ defined paranephritic abscess as 
acute suppurative inflammation of the fatty renal capsule or of the 
renal fascia. Infection takes place either through an embolic metastatic 
process or by extension from the kidney or adjacent organs. Most 
authors believe that it originates in a metastatic abscess of tlic cortex 
of an otherwise normal kidney. These abscesses can perforate into 
the loose pararenal tissue, or infection can take place through the lymph 
channels. Staphylococcus is the organism most frequently found. 
Trauma plays a part in a number of cases, probably by producing 
hematoma in the fatty tissue with subsequent infection. It is difficult 
to determine whether or not the kidney is involved in the paranephritic 
process. The diagnostic importance of recent staphylococcus infection, 
such as fumncle, carbuncle, felon or sore throat, is emphasized. In 
two thirds of the cases, etiologic factors cannot be elicited. Urinalysis 
docs not aid materially in determining concomitant renal involvement. 
Normal urine suggests primary metastatic paranephritis ; urine which is 
not normal is suggestive of renal abscess. Nevertheless, all urinary 
conditions, including anuria of the involved side, may be secondarily 
induced b}' paranephritic abscess wdlhout the participation of the kidney 
itself. 

Chwalla considered exploratory puncture permissible. The most 
significant disease from a diflferential diagnostic standpoint is sup- 
purative retrocecal appendicitis. He is opposed to the more radical 
methods of exposure, and even removal of the kidney itself. Thirty 
of his thirty-two patients recovered after simple incision and drainage, 

21. Oiwalla. Rudolf: Zur Klinik rlcs p.irancphritischcn -Misccsscs, Ztsclir. f. 
urol. Qiir. 23:3.>9, 1927. 
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and the sixth was examined clinically before death. The diseases 
ranged from complete absence of a kidney in one case to hypoplasia in 
two others. 

Complete absence of the kidney was reported by Anders in about 
one case in 1,800, and by Motzfcld in one case in 1,000. Many ol 
tliese patients showed some abnormality in the genital tract. Moore’s 
statistics showed that 75 of 226 patients examined (33 per cent) had 
congenital defects of the genital organs. The ureter is completely 
absent in the majority of cases. 

The diagnosis of renal aplasia is important to the urologist. The 
stress of carrying on all the excretory functions is sometimes suflicient 
to injure the remaining kidney. Nephritis, the formation of calculus 
or infection is often found. Ballowitz stressed the frequency of 
calculi in the solitary kidney, while the combined statistics of Ballowitz, 
Moore and Anders indicate that a greater than the normal percentage 
of persons with congenital single kidney die from diseases of the kidney. 
In 42 per cent of Ander’s cases, the single kidney showed advanced 
lesions of chronic nephritis. Apparently the aplastic condition was more 
common on the left side than on the right. The aplastic kidneys in 
this series were all functionlcss. 

Caraven^® cited a case of horseshoe kidney in a Spaniard, aged 
37, with acute ileus. For several days he had noticed a painless tumor 
in the right lower quadrant. An abdominal incision was made and 
about 1.5 liters of pus were evacuated from immediately underneath 
the right abdominal wall. Urine was demonstrated in this material, and 
an ectopic area of hydronephrosis was found and drained. Cystoscopic 
and roentgen-ray examinations suggested a provisional diagnosis of 
pelvic horseshoe kidney. The left side was found intact, and the 
pyonephrotic part of the horseshoe kidney was removed. There was 
a urinary fistula which closed in twelve days. The patient recovered. 

Ruptured Kidney . — ^Delzell and Harrah reported a series of 
eleven cases of ruptured kidney, and emphasized the importance of 
pyelography in the diagnosis and treatment. The hemorrhage following 
either traumatic or spontaneous rupture of the kidney may result in 
extensive secondary lesion, usually with marked extravasation and 
infection. The future economic welfare of the patient is jeopardized. 

The authors concluded that : (1) spontaneous rupture of the kidney 
is rare and occurs only in the presence of lesions; (2) light trauma 

19 Caraven M ' Obstruction intcstinalc par hydro-pyonephrose dans un rein 
en fer a cheval ectopique; n6phrostoniic transp6nton6aic ; ^erison de I'obstruction: 
Heminephrectomie secondaire ct gudrison definitive. Bull, ct mem. dc la soc. nat. dc 

20. Delzell, W. R., and Harrah, F. W.: Elci-en Cases of- .Kidney, 

J. Urol. 19:131, 1928. 
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kidney was good, and the patient had just been through a normal preg- 
nancy. The immediate results following operation were satisfactor)’. 

[Ed. Note. — ^In this case the kidne}' was removed because it was 
thought to contain a tumor. It was found to be polycystic. Almost 
invariably, in cases of polycystic disease, one kidney is larger than the 
other. Removal of the larger kidney, while it relieves the pain, dis- 
comfort and abdominal distention, is usually followed by an increase 
in size of the remaining kidney. There is usually such a small amount 
of combined renal tissue in the two kidneys tliat it is necessary to be 
conser\'ative. Rovsing's operation, which consists of puncturing the 
various cysts, has given the best results of any operation for polycystic 
kidney. This procedure is conservative and causes only slight trauma 
to the kidney. It can be repeated on the other kidney if necessary. 
Rovsing reported excellent results from this operation.] 

Renal Tumors. — StoeckeP® reported a case of a primipara, aged 
33, with a large, right, renal tumor. He saw the patient in the ninth 
month of pregnancy. The abdominal wall was slightly edematous and 
the urine scanty. Ureteral catheterization revealed the right ureter 
to be patent. There was no secretion from the right kidney. He 
concluded tliat a closed hydronephrotic sac was present. The patient 
became progressively worse, as pressure against the diaphragm caused 
orthopnea and pre-uremic symptoms. One week later, bags were 
inserted, resulting in spontaneous delivery. The puerperium was 
normal. On the tenth day, the patient had a coughing spell and then 
complained that the tumor had burst. Examination showed it to be 
smaller than previously. There was a rise in pulse and temperature 
with abdominal distention. Exploratory laparotomy revealed an 
inoperable tumor in the upper pole of the right kidney. Subsequently, 
Stoeckel performed a radical operation with complete removal of the 
tumor. The patient recovered readily from the operation and was 
well four years later. 

Stoeckel expressed the belief that the operation should have been 
performed earlier. He stated that the risk from nephrectomy is small, 
and in a case such as this should be carried out as soon as the diagnosis 
is made. The tumor was grossly C3'stic. Pathologic study showed it 
to be a malignant ostco-adenopapilloma destruens, presumably of the 
kidney. 

Lower and Belcher reported the case of a lipoma in the left 
kidney in a woman aged 52. The patient complained of pain in the 
abdomen, contraction of the rectum, indigestion and ner\'ousness. A 

26. Stocckcl, W.; Maligner Nicrentamor (Ostco-Adeno-Papilloma dcstrucn*!) 
und Scliwangcrschaft, Zcntralbl. f. Gjiiak. 51:2906, 1927. 

27. Lower, W. E,, and Bcichcr, G. W. : ^fassivc Lipoma of the Kidney vni « 
Report of a Case. Surp. Gynec. Obst. 45:1, 1927. 
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Reml Tuberculosis . — ^Fedoroff stated that renal tuberculosis 
usually develops from a blood-borne infection. In most cases the diag- 
nosis is not difficult, as it is based on clinical symptoms and examination 
of the urine. The treatment consists of nephrectomy. Bilateral infec- 
tion is the only contraindication to nephrectomy. The immediate 
operative mortality is about 4 per cent, while the late mortality varies 
from 13 to 29 per cent. From 60 to 70 per cent of patients should 
be cured. 

Salleras and von der Becke stated that of a series of 1,724 patients 
with urologic lesions, 278 (16.1 per cent) had renal tuberculosis. The 
percentage varied from 8.8 to 28 in different hospitals. Cases 
in which there is hematuria are less common than those in which the 
chief symptoms are in the bladder. Any spontaneous cystitis must be 
regarded as due to tuberculosis until proved otherwise. The early 
cases witliout any bacilli are the most difficult to diagnose; the others 
are diagnosed readily. Cystoscopy and catheterization are valuable aids. 
The prognosis is not unfavorable if surgical treatment is applied 
promptly. The death rate from operation varied from 0 to SO per cent, 
the average being from 5 to 10 per cent. Deaths had not occurred imme- 
diately following operation for four years, and only one late death 
had occurred from pulmonary tuberculosis. Some of their cases date 
back thirteen years. If the case is advanced, three to four years must 
elapse before cure can be considered. 

Orth“ stated that in cases of extensive tuberculosis in one kidney 
and toxic nephritis in the other, removal of the tuberculous kidney 
permits the other to return to normal. If the second kidney is also 
infected, it does not return to normal. It is always important to study , 
carefully the remaining kidney and to follow tiie course of the case. 
In bilateral tuberculosis, surgeiy is not indicated. 

*’ Polycystic Kidney . — Sejoumet stated that association of bilateral 
pyelonephritis with polycystic kidney usually precludes the possibility 
of operation. He reported one case in which he performed nephrectomy, 
and at the end of two years the patient is apparently cured 
Nephrectomy was performed on account of the increase in size of one 
kidney. Hemorrhage and infection were not present, but there was 
increasingly severe pain in this region. The function of the other 

22. F^doroff : Tuberculose Urinaire, J. d’urol. 24:463, 1927. 

23. Salleras, J., and von der Becke, A.: La tuberculosis renal en la Rep6blica 
Argentina, Rev. Asoc. med. argent. 40:935, 1927. 

24. Orth, Oscar: Klinische Erfahrungen bei Tuberkulose der einen und 
toxischer Nephritis der anderen Niere, Ztschr. f. urol. Qiir. 23:435, 1927. 

25. S6joumct, M. P. : Reins polykystiques, Bull, et mem. Soc. de chir de Par 
19:654, 1927. 
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Colston =® reported an unusual case in which a solitat^' c^'st was 
found coincidental!}' with a papillary c^’stadenoma in the same kidney. 
The case reported is that of a man, aged 58, who had a three months’ 
history of profuse hematuria. The hematuria was not terminal at 
any time. General examination did not reveal gross abnormality. 
Cystoscopic examination showed that the blood was coming from the 
right kidney. A pyelogram of the right kidney showed a characteristic 
deformity in the upper calix, A diagnosis of a right renal tumor was 
made. 

At operation, nephrectomy was performed. The specimen showed 
papillary cystadenoma of the upper pole and a large solitary tyst of the 
lower pole. 

Quinby,®® on reviewing the end-results of cases of renal tumor in 
which the patients were treated in the urologic service of the Peter Bent 
Brigliam Hospital, found an unexplained difference between the duration 
of life after operation and the time when metastasis became apparent. 
Excluding all cases in which the grow»th was found to be invasive, as well 
as tliose in which lymph nodes about the renal pedicle and aorta were 
found the seat of secondary deposit, there still lacked evidence on 
which to base an opinion as to the dinical prognosis. In many cases 
in which roentgenograms of the lungs and bones have been carefully 
studied for metastasis before operation and in which the localized 
character of the tumor as seen at operation gave every hope of cure 
or at least long freedom from metastasis, death has taken place at 
a relatively short period after operation. 

Of a group of foity'-three cases on record at the time this investi- 
gation was undertaken, there were thirty-five in which intensive 
pathologic study was possible. 

There is no adequate pathologic criterion on which to base a 
prognosis on the duration of life after nephrectomy for renal neoplasm. 
The size of a renal tumor is not a reliable indication of the character 
in respect to the degree of malignanty. Occasionally, an entirely benign 
adenoma may become large. Primary ligation of the vascular pedicle 
by transperitoneal approach is the most logical method of treatment. 

[Ed. Note. — ^From a review of the case reports as recorded by 
Quinby, it is found that he does not follow closely the accepted classi- 
fication laid down by Ewing. Types of cells arc frequently recorded 
as mixed in a given tumor, such as granular, clear, and spindle. Clear 
polyhedral cell tumors are generally much less malignant than cither 
granular or spindle cell growths. If the tumors described in his reports 

28. Colston, J. A. C.: Solitarj* Cj-st and Papillao* Cystadenoma Occurrine 
Simultaneously in One Kidney, J. Urol. 19:285, 1928. 

29. Quinby. W. C.: Renal Tumors: A ainico-PathologiciI Study. J. Urol. 
19:26.\ 1928. 
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left pyelogram showed deformity strongly suggestive of a new growth. 
At operation, the kidney was found to contain a larg^ subcapsular, 
friable, yellow tumor resembling hypernephroma. Pathologic examina- 
tion showed that the mass weighed 420 Gm. In the middle on the 
lateral surface of the kidney was a large subcapsular, globular mass 
which appeared yellow through Ae capsule. On section, it was fatty 
and mottled. In view of the tendency of these growths to local recur- 
rence, roentgen-ray treatments were given. The patient was doing 
well six months later. 

True lipomas of the kidney may be distinguished from lipomatous 
masses around the pelvis, which occur in atrophic disease of the kidney 
(Virchow) and from the enormous perirenal tumors first described by 
Salzer. True lipomas arise in two sites, under the surface of the 
renal capsule and at the hilum. The pdvic lipoma may be an extension 
from the cortical growth. Lipomas in the kidney are rare. Before 
the diagnosis is made it should be ascertained by microscopic examina- 
tion that the suspected growths are not adenomas or suprarenal rests. 
As a rule the lipomas are small, but five cases have been reported in 
which they were of considerable size. Degeneration of lipomas or the 
replacement of normal tissue by lipomatosis secondary to calculus, 
tuberculosis, inflammatory atrophy or operative trauma is not rare. 
These fatty masses arise from fat around the pelvis. 

The symptoms, as a rule, are pressure, pain or discomfort in the 
region affected. Hematuria is seldom encountered. Lipomas occur 
in middle age. The patients in all of the reported cases were women. 
The diagnosis of tumor may be made by the pydogram. The only 
treatment is the removal of the tumor by nephrectomy, which should 
be followed by roentgen-ray treatment. The tumors are prone to 
recur, and at each recurrence are more cdlular in type, ultimatdy 
assuming sarcomatous characteristics. This is the sixth case of true 
lipoma to be presented and the fourth to be removed by nephrectomy. 

[Ed. Note. — ^Lower and Belcher®^ called attention to another type 
of lipoid growth in the region of the kidney. Fatty degeneration, 
hypernephroma and suprarenal rests are well known, but subcapsular 
lipoma is indeed a pathologic rarity. The tendency of these fatty tumors 
to malignant degeneration in the region of the kidney when such masses 
elsewhere are usually benign is worthy of note. Again, it will be 
recalled that this is the site of h 3 rpernephroma, a much misunderstood 
tumor of lipoid characteristics. One wonders why lipoid tumors in 
general in the region of the kidney are so prone to recur, to become 
malignant and to spread in a way that causes confusion with regard 
to their dassification as sarcomatous (mesothelial) or carcinomatous 
(epithelial).] 
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vary {rom minute patches in the mucosa to papillomatous prolifer- 
ations. They may cause hematuria or favor persistent infection; when 
occurring in portions of the urinary tract inaccessible to inspection, 
they may be easily confused with neoplasms. 

Granulomas occurring in the kidney are rarely of much clinical 
significance except that they may be the cause of hematuria in hydro- 
nephrosis, chronic pyelonephritis and nephrolithiasis. Although there 
are a number of factors which may cause hematuria in hydronephrosis, 
granulomatous areas are occasionally obsen'cd in the pelvic mucosa 
when the hydronephrotic sac is opened. These areas are usually dark 
red, bleed easily with trauma, and appear to have a low papillomatous 
stnicture. More rarely they are present as single or multiple large 
polypoid growths and, while usually situated at die ureteropelvic junc- 
ture, they may be scattered over the entire pelvis. 

Microscopic examination will reveal inflammatory hyperplasia of 
the mucosa and submucosa. Hematuria occurring with chronic pyelo- 
nephritis may also result from a similar type of granuloma in the 
pelvis or ureter. With chronic pyelonephritis, the granulomas may be 
more marked and the mucosal proliferation more predominant, a condi- 
tion often called p3'elitis granulosa. As a result of chronic irritation 
from a stone long resident in the pelvis, granulomas may be observed 
in the pelvic mucosa. 

Chronic infection in the ureteral mucosa, as in the pelvic mucosa, 
may produce similar lesions confined usually to one or two areas. 
/Mthough rarely as generalized as ureteritis cystica, granulomas have, 
on occasion, been observed scattered over the entire ureter. When 
localized and occurring near the ureterovesical juncture, as in two of 
their cases, they closely simulate neoplasm. If a small stone is lodged 
in the intramural portion of the ureter, granulomas may be often seen 
protruding from the orifice into the bladder. Neoplasm is at once sug- 
gested. but in such cases the possibility of a small stone must be 
excluded. 

Granulomas are usually associated with cystitis. Occasionally, many 
small areas of acute localized cystitis bearing minute granulomas are 
obscr\’ed. The lesions are common in association with chronic cystitis ; 
they may vary from one or two to several areas scattered over the 
entire bladder, and in these cases they are usually small, low, and without 
resemblance to neoplasm. This is particular^ true of nonspecific 
cj’.stitis. 

The mucosa adjacent to the affected ureteral orifice is a frequent 
site of granuloma in renal tuberculosis. As this is also a common 
site of epithelioma, position is not of great diagnostic value. The 
distinction may be made from the fact that a granuloma will flatten 
out or largely disappear on full distention of the bladder, a phenomenon 
which will not occur in the presence of epithelioma. Further differen- 
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as dear celled without any other qualif 3 dng description are considered 
alone, it will be seen that a rather large proportion of his patients 
are in the group of those reported living. 

A number of pathologists believe that the microscopic changes in 
renal tumors form a fairly accurate basis for an opinion as to 
prognosis.] 

Gottlieb*® stressed the importance of early and complete examina- 
tion in cases of suspected renal tumor; such an examination to include 
urinalysis, cystoscopy, catheterization of ureters, chromocystoscopy, 
pydography, pydography aided by inflation of the renal pelvis, 
nephroscopy and pydoscopy. Pydograms are far more valuable than 
cystoscopic data. His operative cases have demonstrated the correctness 
and rdiability of anatomic pictures as revealed by pydograms, which 
permit a diagnosis of renal neoplasm, polycystic kidney or pdvic 
papilloma. When the kidney is small, pydography, after abdominal 
inflation, gives excellent results. Gottlieb also called attention to the 
value of nephroscopy and pydoscopy, a method of examining the patient 
before a screen in order to determine the dynamics of the kidney, its 
position, mobility and adherence to the adjacent organs. These data are 
of importance in determining whether operation can be performed in 
a given case. Hematuria did not prove to be an early sign in his cases. 

Foged®^ reported a case of bilateral renal tumor in a child, aged 
2 years, with a normal blood picture and without enlargement of the 
spleen or lymph nodes. After removal of the right kidn^, typical 
lymphatic leukemia devdoped. Diffuse infiltration was found in the 
extirpated kidney. Foged considered bilateral renal tumor the first 
stage of aleukemic leukosis. His study of cases of renal tumor reported 
in the literature, in the material from necropsies of Copenhagen hospitals 
and of this case showed that leukemic disease of the kidney is seldom 
solitary, usually appears in typical leukosis, and most often in children. 
Only lymphatic leukosis was encountered. The infiltration is due to 
an increase in lymphocytes in the disturbed organ. The two kidneys 
are about equally affected. Macroscopically, the kidney seems hyper- 
plastic; microscopically, universal infiltration without invasion of the 
renal epithelium is seen. The dinical picture is not characteristic. 
Foged stated that the bilateral nature of the lesion is an important 
diagnostic point. 

Granulomas . — ^Braasch and Hurley*® described granulomas found 
in the urinary tract as localized areas of hyperplasia of the mucosa 
and submucosa, apparently resulting from inflammation. These areas 

30. Gottlieb, J.: Sur le diagnostic precoce des tumeurs r£nales, J. d’urol. 24: 
224, 1927. 

31. Foged, J.: Leukemic Tumors of the Kidney, Bibliot. f. Laeger. 119:1, 1927. 

32. Braasch, W. F., and Hurlej', M. V.: Granulomas in the Urinar>’ Tract, 
J. Urol. 18:595, 1927. 
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Gerard studied the different means of obtaining satisfactory roent- 
genographic shadows by the contrast method. He discuss^ colon 
insufflation, pneumoperitoneum, opaque ureteral catheters, pyelography 
and pyeloscopy. He used 30 per cent solutions of sodium iodide for 
pyeloscopy and 15 per cent for pyelography. Roentgen-ray exami- 
nations help in determining the situation, volume, shape, direction and 
extension of the surface of the Iddney, the renal retention and the 
pelvic motilit)'. In cases of lithiasis it permits precise treatment by 
indicating the site of the stone. 

Perirenal Hematoma . — ^Meyer and Singer showed that hemorrhage 
in the region of the kidney collects to form a localized hematoma. 
They showed that the differentiation of aneurysm of the renal artery 
and perirenal hematoma is clinically unsound. Conroy found thirty- 
four cases of aneurysm of the renal artery up to 1923, and Meyer 
and Singer have found six others. This does not include the cases of 
periarteritis nodosa, which are more common. Trauma, recent or 
remote in time and subcutaneous or perforative in type, was an etiologic 
factor in 50 per cent of these cases of aneurysm. Spontaneous rupture 
of the renal aneur3'sm may be due to atheromatous or calcific changes 
in a sclerotic vessel. In such cases, hypertension alone or hypertension 
and nephritis are present. 

Renal arterial aneurysms are as a rule of the false variety. Peri- 
arteritis nodosa shows a predilection for the renal arteries and is char- 
acterized by a tendency to produce aneurysms. Syphilis, by producing 
gummatous arteritis, has been reported as a cause of perirenal hemor- 
rhage. Emboli of the mycotic type may lead to miliary and larger 
ancur}'sms of the renal artery', which may subsequently rupture in a 
manner similar to that occurring in cerebral vessels as a complication 
of subacute bacterial endocarditis. Low grade .suppuration of the renal 
pedicle appears to be responsible for erosion of the renal artery. In 
one of their cases, such an erosion led to sacculation and rupture, 
jannsen described erosion and aneurysmal dilatation due to a sharp 
renal calculus. Seven days after the removal of the stone by nephrot- 
omy, perforation of the renal artery occurred. 

Conditions causing perirenal hematoma other than that due to renal 
aneurysms are considered ; first there are the diseases of the parenchyma 
of the kidney such as tumors (hypernephromas, carcinomas, sarcomas 
and multiple cavernomas), tuberculosis, purulent processes, nephritis, 
nephrolithiasis, hydronephrosis and potycystic disease. In the latter, 
the presence of another factor must be considered, namely, abnormal 
fragility of the blood vessels or a blood dj’serasia. 

Primary hemorrhage from the fibrous or fatty capsule of the kidney 
is next considered. This is comparable to hemorrhagic pachymeningitis 

35. Meyer, K. .ind Singer, H. A.: Spontaneous Perirenal Hematoma and 
Aneurism of tl:e Renal Arterj*, Surg. Gj-ncc. Olist. 45:300, 1927. 
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is not so much due to this fact as it is to a lack of appreciation of the 
three clinical syndromes for which ‘they are responsible. Suprarenal 
dysfunction may be considered under the terms of hypochromaffinism 
and hyperchromaffinism as applied to the medulla, and hypo-interenalism 
and hyperinterenalism as applied to the cortex. 

With respect to the cortex, hypofunction is exemplified by the 
clinical picture of Addison’s disease. Hyperfunction of the cortex, 
occurring in either cortical hyperplasia or neoplasia, manifests itself 
clinically by characteristic alterations in the sexual sphere and by hyper- 
tension. The sexual changes are always toward the adult male type, 
irrespective of sex. 

With respect to the suprarenal medulla, our knowledge of function 
is as yet too limited to serve as the basis for any known syndrome; 
3 'et the tumors of the medulla are in themselves so characteristic that 
little difficulty should be experienced in their diagnosis in most cases. 
The three clinical syndromes produced by suprarenal tumors may be 
considered under the following headings : cortical (carcinoma, or hyper- 
plasia), (a) genitosuprarenal syndrome; medullary (neurocytoma, 
sarcoma), (a) Hutchison’s syndrome and (6) Pepper’s syndrome. 

Cortical tumors are as common in infants and children as in adults, 
and are characterized by alterations in the sexual sphere, hypertension 
and, rarely, pigmentation. Medullary tumors belong distinctly to 
infancy. In both the Hutchison and the Pepper types the primary 
growth is generally masked by secondary manifestations ; in the former, 
unilateral exophthalmos is frequently the first and only sign; in the 
latter, tremendous abdominal enlargement due to metastasis to the 
liver overshadows all else. These peculiarities render the prognosis 
in general extremely unfavorable, because the diagnosis, particularly in 
medullary tumors, is at present based wholly on metastatic phenomena. 

Generally, a differential diagnosis of suprarenal tumors and other 
growths, as well as of cortical and medullary tumors of the gland itself, 
can be made by the clinical manifestations; yet the added information 
gained by urologic investigation is often of decided value. 

Cortical tumors give rise to the so-called genitosuprarenal syndrome. 
The symptoms produced exemplify the endocrine activity of the cortex. 
In the female, sexual alterations are produced which may be expressed 
by the term “virilism” or “pseudohermaphroditism,” and in the male 
by “precocious puberty.” Hypertension is a frequent symptom of 
diagnostic value in these cases. Pigmentation, such as characterizes 
Addison’s disease, is rarely seen. The Hutchison type of medullaty 
tumor, occurring only in infanej' and childhood, is characterized by early 
orbital metastasis producing unilateral exophthalmos. The primaty 
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and is probably innammatory in origin. It usually follows inflam- 
mations in the kidney or its pelvis.- It is hemorrhagic perinephritis, and 
the hemorrhage may be intracapsular or cxlracapsular. 

Morbid procc.'ises in retroperitoneal structures other than the kidney 
and its capsule, such as aneurysm of the abdominal aorta or the 
ovarian artery, tumors of the suprarenal gland or retroperitoneal tumors, 
such as angiosarcomas, may likewise lead to perirenal hematoma. 

In hemophilia, hemorrhage may arise on rare occasions from the 
lumbar muscles, but the loss of blood by dia|Xidesis may be alarming. 

Diagnostically hematomas of the aneurysmal variety are associated 
with sudden pain (severe in type and situated in the region of the 
kidney), hematuria in 50 per cent of the eases, and tumor in the loin. 
On account of the small caliber of the renal artery, sacculation of it 
rarely reaches so considerable a size ns to give expansive pulsation, 
thrill, and bruit, the pathognomonic signs of aneurysm. Peritoneal 
irritation is frequent ; reflex vomiting and tympanites are more promi- 
nent features. 

The symptoms associ.*itcd with the nonaneurysmal varieties are 
severe pain, signs of internal hemorrhage, and a rapidly growing 
retroperitoneal tumor in the loin. Idcmaturin is rare in contradistinction 
to its frequency in the aneurysmal groups. 

Vogclcr reviewed twenty-nine cases up to 1922, and found that 
only five eases of ancur 3 'sin of the renal artery had been diagnosed 
before death. Likewise, the diagnosis of perirenal hematoma was made 
only three times up to 1921. The occurrence of severe pain, signs of 
internal hemorrhage and retroperitoneal tumor enlarging in the loin 
should suggest perirenal hematoma. Immediate operation is indicated 
in spite of an operative mortality of about 60 per cent, as conservatism 
is invariably fatal. 

[Ed. Note. — ^This is a good review of a comparatively rare condi- 
tion. As Meyer and Singer pointed out, the diagnosis before operation 
and death is rarely made by any one who has not had previous experi- 
ence with a case in which the condition was undiagnosed until after death. 
The experience of Meyer and Singer with four cases lias taught them to 
regard spontaneous perirenal hematoma as an entity demanding immedi- 
ate sui^cal intervention. The symptoms of sudden severe pain in the 
region of the Iddney, of signs of internal hemorrhage, and rapidly 
growing tumor in the loin should be emphasized as the features of a 
case which should bring this diagnosis up for consideration.] 

SUPRARENAL GLAITOS 

Suprarenal Tumors . — Gibson •“ stated that tumors of the suprarenal 
glands are comparatively rare ; yet the frequent failure to diagnose them 

36. Gbson, T. R: The Diagnosis of Adrenal Tumors with Classification of 
Adrenal Syndromes and Report of Cases, J. Urol. 18:33, 1927. 
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tumor. Bilateral pyelography was negative, as was surgical exploration 
of the right suprarenal gland. Permission for necropsy was not granted, 
so the diagnosis was not confirmed. 

Crosbie and Smith reported the case of a woman, aged 38, who 
had been normal until the age of 20 when an excess growth of hair 
appeared on the face and body. At 29, menstruation had ceased. Two 
weeks prior to admission to the hospital, fever, d}'suria, frequency of 
urination and pyuria developed. A large tumor was found in the 
right flank. Pyelograms revealed a normal left kidney. The right 
kidney was on the left side of the median line and below the left 
kidney; its pelvis and calices pointed downward to the left. 

The tumor was removed by operation and was found to be of the 
suprarenal, cortical cell type. Pyelograms made before the patient left 
the hospital showed that the right kidney had returned to its normal 
position with pelvis and calices facing the right side. Normal men- 
struation was resumed three weeks after the patient’s dismissal from 
the hospital, after a period of nine years of amenorrhea. 

The authors discussed the pathology of the suprarenal capsule, with 
special reference to the two major types of tumor, the medullary neuro- 
blastoma and the cortical cell tumor, which may occur either as a 
benign adenoma or as a malignant true hypernephroma. The literature 
was carefully reviewed in detail and cases of other authors recorded. 

This case seems to represent the nineteenth authentic case of cortical 
suprarenal tumor occurring in a female, with the typical changes in the 
secondary sex characteristics noted in relation to these tumors. It is 
apparently only the third or fourth case which has occurred in the 
adult during the child-bearing period, and also is one of the few cases 
on record in which the diagnosis has been confirmed by operation and a 
cure effected with reversion to the feminine habitus. 

URETER 

Ureteral Stone . — Jefferson reported a ureteral stone that measured 

S3 by 41 mm. (3.25 by 1.63 inches) and weighed 106 Gm. 

[Ed. Note. — The stone reported by Jefferson is exceptionally large, 
especially since such conditions are now discovered in an early stage of 
the growth. In early reports of urinary calculi large stones were 
occasionally mentioned. Fozzi reported a stone weighing 34 Gm. and 
Fedoroff reported one of 52 Gm. The largest stone on record was 
reported by Carlles. This was in the pelvic ureter, and weighed 
S03 Gm.] 

37. Crosbie, .\. H., and Smith, L. \V.: Primar>- Tumors of the Suprarenal 
Capsule with Especial Reference to Adrenal Virilistn, J. Urol. 19:241, 1928. 

3S. Jefferson, J. C. : Large Ureteral Calculus, Brit. M. J. Iil4, 1928. 
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j’rowili is ijsijnlly stiiall fnul Ihc im*laM;»sis is {icucrally llic first siiin 
of the disrasf. Tlic IVpptT typr of nu-ihjllary minor is diaractcrizcd 
by rapid atidoniinal fnlariit-nu’iit <inc to metastasis to tlic liver, ’riic 
primary j;ro\vih is small ami the licpatir metastasis is f,'cncrally the 
earliest sir’ll of the disease. 

The diay.nosis is onlinarily easy if these three pictures are remem- 
bered. and if the fact is also reeo;jni;ted that most .abdominal inmor.s 
and enlargements in infants and ehihlren arc dne to cither renal or 
snjirarenal minors. In a«bilts. «inly 1 ni every minors arc renal 
ill oris:in. wherea*- in infancy and ehildhoful 1 of every .’i tumors arc 
renal, rrobably an even };reaier piopuriion are suprarenal in orij’in. 
l’yelo!*nij»by i*> of value in •pu-'-tuniable ea‘-es. 

'I'lie j»roj;nosis is extremely imfavi»r.ible. hut the occasional cure 
followiii}; snrjjical intervention instiiie> this jinn'erhirc. Urolo^jic 
investisati«>n to determine relative renal fnnctiiui i** essential jireliminary 
to ojH'ration. becau'-e it is neces*-ary t«' ienii»vc a hidney with the tumor 
in a liiyli pcreentaiic of cases. -\l ••ju*rati«'»n, the opposite suprarenal 
jjlainl should be palj*:»ted to iletennine it*, pre'-eiicc ami wlicthcr iir not the 
growth is bilateral. 

Gibson, in an analysis <if nine zepre^ent.iiivc e.ises, jiavc concrete 
ilbistrations of the syininoins and dia}:nostic ]>robleins. In only four 
cases were suprarenal tumors found to be primary and of these one 
was a cortical tnnior in a man atjed 57. 'I’lie systolic blood pre.ssure was 
190. The .•:ec<ind case was that of a w«»nian, ajied with a cortical 
innior, who exhibited the typical sexual cbani:es, beardetl face, hairy 
che.<5t. ami hyperiniphy <if the clitoris. The third and fourth cases 
were both niednllary tumors occtirriii!' in infants, one of the Ihitchison 
type, the other of the I’epper type. 'Hie outcome was rapidly fatal in 
ihe.'se four cases. Of the remaining five cases, three were secondary 
or niet.'istatic jjrowths in the suprarenal };laml, and two were considered 
clinic.'illy as probable suprarenal tumors. In the three cases of metastasis, 
two were of the supnireual Kb'uids, but .';ynij)tonis puintinj; to snpni- 
renal involvement were not present. In the third case, sipiainons cell 
carcinoma arisinj' in the renal pclvi.s. had metastasized to the suprarenal 
glands. Typical syini>toins of .Adilison’s disease with pigmentation, 
asthenia, and low blood jiressure characterized this case. 

The two remaining cases were considered prob.abIc suprarenal 
tumors, but the diagnosis was not confirmed. One ixitient was a young 
man, aged 23, whose symptoms were obesity, marked hypertension, 
musailar we.alcncss and a peculiar pnrpli.sh discoloration of the skin. 
These symptoms were probably on the basis of either cortical hyper- 
plasia or actual cortical tumor of the suprarenal gland. The remain- 
ing case was that of a female infant, aged IS months, whose abdomen 
was large due to a large liver typical of the Pepper type of suprarenal 
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nephrosis. Diagnosis can be made cystoscopically if the tumor extends 
into the bladder. Occasionally particles of tumorous tissue can be 
dislodged with the ureteral catheter and recognized as a ureteral tumor. 
Stone, tuberculosis and ureteral stricture must be ruled out. If the 
ureteral catheter passes the area of the tumor, there may be a rapid 
flow of clear urine due to the release of retained urine; if there is 
also a tumor in the renal pelvis, the flow may be bloody. The uretero- 
gram is the most useful diagnostic aid. 

Ureteral Diverticula. — Rathbun" reviewed the literature of diver- 
ticula of the ureter and added two additional cases to those already 
noted by Stevens, and also reported one case of his own in detail, thus 
bringing the number to six cases. Rathbun’s patient was a boy, 
aged 10, with a history of frequent urination since the age of 2. The 
urine was purulent. On cystoscopy, the ureteral orifices appeared nor- 
mal, but ureteral catheters curled up in the diverticula just outside the 
wall of the bladder. A diagnosis of bilateral diverticula of the bladder 
wdtli ureters opening into them was made. Later, at operation, the 
diverticula were shown to be of the ureters. The diverticula were 
excised and the ureters transplanted into the bladder with satisfactory 
results. 

Ureteral Trauim . — ^Laurent stated that the surgeon should be 
prepared to repair an injured ureter at any time. There are several 
types of operations in wliich ureteral injuries are not uncommon, such 
as hysterectomy for carcinoma of the cervix, the removal of tumors 
in the broad ligament and the freeing of inflammatoiy tumors of the 
adnexa. When the injury is noticed, an attempt should be made to 
restore the urinary route by an end-to-end anastomosis if the wound 
is high, or by vesical implantation if the injury is near the bladder. 

There are several methods of caring for the injured ureter. 
Ureterorrhaphy and ureterocystoneostomy were practiced at one time 
but are now used only rarely, as the results are unsatisfactory. Ureteral 
implantation into the intestine following ureteral injury is now prac- 
tical! j' never done in France. Ureterostomy is indicated when both 
ureters arc injured. Nephrectomy is occasionally performed. This 
precludes the possibilit}' of later complications such as an ascending 
infection or hydronephrosis. Laurent favored ligation of the ureter; 
this is a simple procedure and is much less of a shock to the patient 
than a nephrectomy would be if an extensive gynecologic operation had 
already been performed. 

41. Rathbun, N. P. : Bilateral Diverticula of the Ureter: Case Report, J. Urol. 
18:347, 1927. 

42. Laurent. P. : De la conduite a tenir cn presence dcs blcssurcs dc 1 uretcre 
au cours des intcr\’cntions Rj’nccoIoRiqucs, Paris chirurpr. 19:212, 1927. 
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Ureteral Carcinoma . — ^Carson reported two cases of caranoma of 

the prostate with metastasis to the ureter and also a case of primary 
carcinoma of the prostate with metastasis to the renal pelvis. There is 
a paucity of literature on this subject. Garceau reviewed thirteen 
of metastatic carcinoma in the ureter due to extension by con- 
tinuity. Giordano and Bumpus reported a case of carcinoma of the 
left ureter and renal pelvis which did not show invasion of the 
lymphatics of the ureter, but they were able to demonstrate cancer cells 
in the blood vessels of the lungs and in a metastatic renal infarct, and 
thus to conclude that transmission occurred by way of the blood 
stream. Thomas and Regnier, in 1924, likewise reported a case of 
rarrinnma of the bladder with metastasis to the lymph nodes, psoas 
musde and right ureter, without indicating the path of transmission. 

Carson’s two cases and those previously reported were noted at 
necropsy, the patients having died of carcinoma of the prostate. At 
necropsy, the lymphatics of the ureter were found invaded by cancer 
cells, the growth involving the ureteral walls. 

The lymphatics of the ureter are more numerous in the adventitia 
and muscular coats. They accompany the arteries and drain in three 
directions, the lower portion downward in the direction of the bladder, 
the pelvic and abdominal portions mesially into the pelvic and lumbar 
lymph nodes, and the upper portion in the direction of the renal 
lymphatics. Thus, while the lymphatic system is doubtless the earliest 
and most frequent site of metastatic lesions in carcinoma of the prostate, 
it seems that the drainage of the lymph downward in the lower portion 
of the ureter is the explanation of the rarity of metastasis to the 
ureters from the prostate or other pelvic viscera. 

[Ed. Note. — Carcinoma of the cervix and prostate by local infil- 
tration may sometimes cause pressure on the ureter, but, as this study 
shows, direct lymphatic transmission of the disease to the ureter is 
not the rule. Carson’s cases may present a phase of retrograde exten- 
sion of malignancy against the Ijnnph stream which may be confusing 
in the consideration of carcinoma in other organs.] 

Key and Akerlund^® referred to the importance of roentgen-ray 
examination in the diagnosis of rare ureteral tumors. These are either 
primary or secondary to renal tumors and are usually epithelial. Fifty- 
four such cases have been reported by Stewart, and to these Key and 
Akerlund added t\\’o. Symptoms are not characteristic, but with the 
aid of the roentgen ray many cases can be diagnosed. The usual sign 
is hematuria, and in 55 per cent of the cases hydronephrosis or hemato- 

39. Carson, \V. J. : Ifetastatic Carcinoma in the Ureter : Report of Additional 
Cases, Ann. Siirg. 86:549, 1927. 

40. Key. R, and Akerlund, A.: Ueber die Diapnose der Uretertumorcn 
Deutsche Ztschr. f. Chir, 200:428, 1927. 
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Thus the field of pancreatic efficiency tests is, at the present time, 
limited to a few pathologic conditions and cannot be used as a general 
routine procedure to differentiate pancreatic lesions from other abdominal 
conditions. 

It is possible that with the culmination of the present work being 
done on secretin, a satisfactory method can be devised through the esti- 
mation of complete activit}’ by specific stimulation and its quantitative 
estimation through the medium of fecal amylase determinations. With 
the present methods, the only conclusion that can be drawn from a pan- 
creatic function test is whether or not the pancreas is able to produce 
sufficient enzyme for normal digestive function, or that there be obstruc- 
tion to the duct. 

METHODS FOR DETERMINING PANCREATIC FUNCTION 

Many tests have been devised, but none have been successful to a 
satisfactory degree. For purposes of discussion a number of them are 
cited. 

-Dye Tests . — Giichiro tested nine dyes for selective pancreatic secre- 
tion, using dogs with Pawlow fistulas. Methylene blue (methylene 
chloride, U. S. P.) was secreted in small amounts. 

Ivy tried thirty-three dyes, with the result that the pancreas was 
shown to secrete minute quantities of methylene blue and methyl violet, 
but not sufficient amounts to be used for quantitative estimation. 

Miscellaneoxts Tests . — Decker used Loewi’s test in 500 miscellaneous 
cases without conclusive results. 

Cockcroft used Loewi’s epinephrine mydriasis test in two significant 
cases: 1. A case in which a normal pancreas was found at autopsy gave 
three negative tests on separate occasions. 2. A case in which the pan- 
creas was found to be almost completely disorganized from malignancy, 
gave marked positive reactions, the last test being made three days before 
death. These cases sen'e to illustrate the absolute inaccuracy of the 
test. 

Lutz expressed the belief that the Bassler test is of great diagnostic 
and prognostic value, but there is not sufficient evidence to warrant such 
conclusions. Bassler and Lutz presented a series of ten cases with vari- 
ous degrees of involvement of the gallbladder and pancreas. They 
claimed to have demonstrated the specificity of the test, but the results 
are not convincing. 

Schmidt devised a test using nuclear digestion as an index. This test 
shows relatively little, as it is purely qualitative. 

Goetz believed that the von Ehnnan test is more reliable than deter- 
minations of the blood and urine diastase. He believed that the methofl 
will show deviations from the normal. The evidence is not conclusive. 
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series of ten patients was used in his determinations. His results, how- 
ever, are not conclusive. 

Moller determined urinary diastase in twenty-three cases in which 
there was tenderness in the region of the pancreas. He found the 
diastase present in unusual amounts. Eight cases were proved at 
operation to be pancreatic disease, but he does not say to what extent 
the pancreas was found involved. 

Markowitz and Hough have shown that after pancreatectomy in dogs 
the blood diastase is at first increased and then falls to below the highest 
normal level within twent)' hours. They did not see any justification 
for determinations of the blood diastase in diabetes mellitus. 

Diastase in Feces . — ^Vohlgemuth (1910) gave the average normal 
value for amylase in feces as Df-^=* 468.75. The lowest nomial 
values are 100. In one case of obstruction of the pancreatic duct, he 
reported a fecal amylase of 15. 

McClure and Pratt (1917) showed that in obstruction to pancreatic 
secretion in man and dog there -is marked diminution or absence of 
diastatic activity in feces. They believed, however, that the estimation 
of fecal am^’lase is of little value in the clinical diagnosis of pancreatic 
disease. 

Comment. — Dj’e tests and such miscellaneous tests as have been cited 
have not proved satisfactory, and results in the hands of others than the 
original investigators have shown nothing of importance. 

Determinations of blood and urine amylase will not show evidence of 
pathologic process except in obstruction to the outflow of pancreatic 
secretion. Even then the effect is transitory, as shown by Markowitz and 
Hough. There is no sound physiologic reason for this determination in 
other than obstructive cases. 

In the estimation of diastase in the duodenal contents, the work of 
McClure and his associates has been successful to a certain extent. Their 
work shows that it is only by causing a stimulation to pancreatic secre- 
tion and the determination of complete functional capacity that an 
accurate idea of the state of the pancreas can be determined. Their tests, 
however, are not satisfacton*. Grote has shown that the duodenal tube 
cannot be relied on to collect uniform samples in all cases. Further, they 
have not used a specific stimulus, and the test has not shown uniform 
results in other hands. 

Ivy and Koskowski (1926) have shown that there is no compensatory 
amylase secretion by the succus entericiis following pancreatectomy. 
Wohlgemuth and McClure have both shown that determinations of fecal 
amylase are of value in determining obstruction to the outflow of pan- 
creatic secretion. Work on other phases of the test has not been done ; 
hence its use in the present work. 
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Wallis completed an investigation of pancreatic function tests.. He 
reported unfavorable results with an oil test mead (trypsin and diastase 
determination), Sahli’s test, Cammidge test, Koshwadis modification of 
the Schmidt test and the Sajodin test of Winternitz. He believed that a 
positive Loewi’s test together with diastase in the urine and glycosuria 
would be a \'aluable indication. He did not believe that the others were 
of value. 

Estimation of Diastase in Duodenal Contents . — Buckstein (1922) 
modified the Einhorn test (1912) by using a celluloid capsule attached 
to a thread which he passed into the duodenum. He reported favorable 
results, giving the normal value as from 3 to 7 units. Further evidence 
could not be found to support his method. 

Gavrila and Parasdiivesco used the method of Einhorn in eleven 
cases of diabetes mellitus. They believe that the results will not show 
a parallel with the severity of the diabetes, and, therefore, that it is 
of little value in this disease. 

De Loch modified Einhorn’s method, using .30 cc. of tenth normal 
hydrochloric acid as a stimulus. His claims are too great for the amount 
of evidence presented. 

Whipple minimized the value of the duodenal tube method of deter- 
mination of enzymes. Grote claimed that the duodenal tube methods are 
not of value because; 1. The secretion varies in different parts of the 
duodenum. 2. Ether is not a reliable artificial stimulus. 3. The 
reaction varies the enzjTne activity. 4. Variation of the results in nor- 
mal persons is too great. Grote expressed the belief that the best 
way to determine pancreatic function is by a test meal and examina- 
tion of the stool. 

Labbe, Nepveux and Adlersburg (1925) modified the Katch method 
of injection of ether through the duodenal tube. They gave magnesium 
sulphate first to evacutc the gallbladder, and then ether to stimulate the 
pancreas. They reported favorable results in three of seven cases. 

McClure, Jones, Wetmore and Reynolds (1924) claimed to liave 
established the normal pancreatic enzyme concentration of the duodenal 
contents. They claimed to show diminution of the enz}'me in obstruction 
and concentration of it in necrosis of the pancreas. Their method seems 
to be safe in their hands, hut unreliable with others. 

Determination of Blood and Urine Diastase . — Permin (1924) gave 
the normal urine diastase value as from 8 to 16 units and reported a 
case of suppurative cyst of the pancreas with a urinary diastase of 1.024 
units. He said that massage of the-jancreas and artifidal pancreatitis 
will produce elevated urinary <!ta.stase in rabbit.^. 

Von Strasser (1^26) gave the figure.s for normal blood diasta.se as 
from 8 to 16 units. He saifl that any value over .32 is pathologic. A 
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increases its activity 4.5 times. Acid of above 0.009 per cent hydrochloric 
acid inhibits the action of amylase, as does 0.04 per cent lactic acid. 

Sedimentation . — ^The results are in terms of solid fecal sediment to 
eliminate the bulk of the error that would result from perverted water 
content due to diarrhea or constipation. This is believed to be better than 
the old method of desiccation which tends to deteriorate the enzyme. 

Acid reaction was checked by titration with tenth normal sodium 
hydroxide. 

Fecal Amylase Determination in Normal Persons . — Since Wohlge- 
muth’s values are dogmatic and do not show whether there is or is not’ a 
definite normal variation in diastase content of the feces, it was deter- 



Chart 1. — A graph of the fecal amylase values of normal persons, taken c\’cry 
third day. The values are in terms of Df Df' ^ -r = cc. of 1 per cent starch 

24 n ^ 24 ^ r* 

snlution digested bj* the amylase in 1 cc. of centrifugalized fecal sediment at oo L. 

in twenty-four hours. This chart shows a dehnite parallel in the rise and fall of 
the curves. 

mined expedient to run a series of controls. For this purpose medical 
student.*;, two groups of five each, were selected. These men ale their 
meals at the same fraternity house table, and. with the exception of 
candy, peanuts, etc., the diet was essentially the same. 

Series 1 : Five men. under the conditions already described, jjartici- 
pated in this series. The stools were examined for diastase content every 
third day for eighteen days (chart 1). The results are shown in table 1. 

It can be seen from the graph in chart 1 that while there is .«omc 
slight variation, the diastase seems to vary as the diet and in the same 
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It is probable that witli the advent of secretin in a purified form, we 
may be able by its administration to secure complete stimulation to the 
pancreas and by the determination of amylase in the feces, secure a 
definite quantitative estimation of the functional capacity of die pancreas. 
This work awaits a purified nontoxic secretin of known specific action. 

FECAL AMYLASE DETERMINATIONS 

Amylase is chosen in preference to either of the other two pancreatic 
enzymes, because : 1. With it the retfersibility of the hydrolj-tic reaction 
is* negligible (Hollander and Marcus — 1925). 2. The time law of 
Hedin can therefore be applied to this reaction. 3. Kjeldahl’s law of 
proportionality ma}' also be applied to diastase (Sherman and Kendall — 
1910). 4. The enzyme is less effected by outside influences than are 
lipase and trypsinogen. The feces were used as a source for the amylase 
in preference to blood, urine or duodenal contents, for these have not 
proved to be satisfactoty, as shown by the review of the literature. 

Method . — ^Hawk (1927) modified the Wohlgemuth test and his modi- 
fication was used in these determinations. The test is based on the 
extraction of amylase from fresh feces by a phosphate-chloride buffer 
solution and the digestion of it in varying amounts against 5 cc. of 1 per 
cent soluble starch. The digestion is carried out in an incubator at 38 C. 
for t^venty-four hours, and the end-result is determined by the starch- 
iodine reaction. Details of the technic are given in Hawk’s “Physiological 
Chemistry” (1927). 

Twenty-four hours was used in preference to shorter periods for 
digestive action, for it has been shown that 1 C. variation in temperature 
will throw the results off 10 per cent when only one-half hour is allowed 
for digestion (Sherman, Kendall and Qark — 1910). The starch-iodine 
reaction was used in preference to the more careful copper reduction reac- 
tions, for while it is not so delicate, it is simple, practical and as accurate 
as the clinical results warrant. It has the advantage of marking the 
completion of a fairly definite step in the digestion of starch, whereas 
the copper reduction method measures the amount of substance or sub- 
stances produced by successive steps through intermediate products 
which are but imperfeetty known (Sherman, Kendall and Clark — 1910). 

Phosphate-Chloride Buffer . — ^Hawk (1911) has modified Wohlge- 
muth’s original method by adding phosphate-chloride buffer solution to 
the reaction as a diluting medium. Sherman and Kendall (1910) and 
Hawk (1911) have shown that amylase is not completely activated unless 
electrolytes are present. 

Vernon (1901-1902) and Chittenden and Griswold (1881) have 
shown that a trace of acid — 0.(X)4 per cent hydrochloric acid niarkedlv 
(four times) activates the enzyme and that lactic .acid 0.0083 |)er cent 
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rather than because of pancreatic deficiency. This factor must he 
taken into account in evaluating clinical results. 

5. It is reasonable to believe that this test used clinically can become 
effective only if the patients are placed on a uniform, quantitative and 
qualitative diet. 

Series 3 : A third series of five students was used under conditions 
similar to those in series 1 and 2, except that the total stool was saved 
for each twentj^-four hours for seven consecutive days. 

Determinations of am3'lase in liventy-four samples necessitated a 
slight modification of the preyiously described technic, as follows : 



Chart 2. — A graph of the fecal amylase values of normal persons, showing 

weekly variation. The values are in term of Df. j ' — . . This chart also sliows a 

44 n 

distinct parallel in the rise and fall of the curv'es. 

1. The twenty-four hour stool specimen was ]>laccd in a 1.5 liter 
granite bowl, and sufficient phosphate-chloride buffer solution was added 
to make 500 cc. 

2. The mixture was thoroughh' stirred, any mechanical contrivance 
at hand being used, such as a pestle, egg-beater or anything which would 
aid in securing a mixture of uniform consistency. 

3. The mixture was allowed to digest for one-half hour, being stirred 
occasionally. 
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person may cover a wide range of values, depending on the food intake. 
As the direction of variation is parallel in practically all cases, we may 
assume that a given diet has practically the same stimulating effect on 
die pancreas in all normal persons. None of the values as shown in 
table 1 fell below the \'alue of Df . ^ 91. It is conceivable that a 

healthy person receiving an average diet should not have a normal value 
below 90, which value is ten points below the lowest normal value as 
determined by Wohlgemuth. 

Series 2: Another group of five medical students participated in 
this series under the same conditions as those in series 1. Fecal amy- 
lase was determined daily for one week, to show the day to day vari- 
ation (chart 2). The results are shown in table 2. 

Table L—Data o» Scries 1 * * 


Patient 

Kov.13 

Xov. 10 

XOV. 19 

XOV.S2 

Kov.23 

KOV.2S 

Avernee 

G. 


226 

830 

870 

081 

222 

466 

D 


126 

183 

210 

476 

no 

192 

M 


97 

180 

342 

3U 

1C2 

198 

E. 


102 

127 

400 

400 

66 

216 

B 


131 

120 

264 

647 

401 

2n 


88 * 

* The loregolng values are in terms of D1 A sraph of these fleutes Is ehoirn in chart 1. 

Table 2. — Data on Scries 2* 


Patient Dec. 1 Dec. 2 Dee. 3 Dee. 1 Dee. 5 Dec. 0 Dee. T Averase 

W 400 IS 01 488 100 193 91 302 

C 871 782 473 732 SS7 470 108 037 

T. 400 221 143 778 118 1,130 472 004 

B 380 200 200 732 01 1,0S7 030 408 

B 020 200 230 830 200 1,110 420 013 


* TIk values in this table are in the same terms as those in tabic 1. 

Again it will be seen that a close parallel exists between the values, 
although the variation from day to day in the same jierson occurs 
through a wide range. Again we assume that the main factor in this 
\'ariation is diet. 

From this series, the following conclusions were made: 1. The 
amylase output of the pancreas varies from day to day, depending largely 
on the intake of food. 

2. The value for persons on the same diet is relatively the same on 
the same day. 

3. The normal average varies from 302 to 537, with Df. ■=> 465 
as the normal average. This value is close to that set by Wohlgemuth 
(468.75). 

4. It is logical to assume that persons with various degrees of pan- 
creatic disease might show low values Iwrcause of low forxl intake 
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Isaacs and Kreiger studied thirty cases of achlorhydia and did not 
find abnormality in distase. They concluded that there' were normal 
diastase values in cases of “gastrogenous diarrhea.” 

McClure, Jones, Wetmore and Reynolds (1924), from a study of 
diastase in duodenal contents, concluded : 

1. Chronic pancreatitis shows depressed diastase values. 



Chart 3. — A graph of the total fecal amylase in twenty-four hour specimens from 
normal persons, the determinations being made on seven consecutive days. The 
values arc in terms of liters of 1 per cent starch solution digested by the amylase 
in the twenty-four hour specimen of stools. This chart shows the marked varia- 
tions in the amount of amylase in the tw’cnty-four hour specimens cither of persons 
on the same diet nr qf the same persons from day to day. There is not a suggestion 
of a parallel in the curves. 


2. .\cute pancreatic necrosis and carcinoma of the pancreas show 
abnormal ( :) values. 

3. Obstruction to the outflow of }}ancrcatic euz,vme shows dimini.shcd 
or absent values. 

4. N'ecrosis shows concentration of the enzyme. 
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4. A 15 cc. representative portion was measured out- and placed in a 
graduated centrifuge tube and centrifugalized for fifteen minutes. 

5. From this point, the technic was the same as that of the Wohlge- 
muth-Hawk method already described, except tliat the final reading was 
in terms of the amount of standard 1 per cent starch solution — ^in liters — 
that will be digested by all the amylase in the. twenty-four hour specimen. 

The results are shown in table 3 and chart 3. 

From table 3 and chart 3, it can be seen that there is no constant 
relation between the amount of amylase in twenty-four hour specimens, 
either of persons on the same diet or of the same person from day to 
day, although the weekly totals approximate each other rather closely. 

It seems logical to conclude .that the motility of the gut affects .'the 
total twenty-four hour output, and tliat there is a wide margin^of indi- 
vidual variation due to innumerable factors. From the previous .series, it 
does not seem that gastric motility affects the amount of amylase in any 

Table 3. — Data on Series 3 


Patient Dec. 1 Dec. 8 Dec. 3 Dec. 4 Dec. 5 Dec. C Dec. 7 Tbtnl Output 

W. 25.80 8.8 18.00 8.65 ES.3 65.0 5.03 144.40 

0 5.05 55.0 26.80 20.80 18.3 27.8 20.80 iiwik 

T. 13.30 83.8 3.80 18.30 53.0 3.8 33.00 164.60 

B. 12.80 27B 0.06 18.80 18B 33.3 0.03 113.60 

B. 27B0 20.8 83.00 8.30 12.8 18.8 20B0 143B0 


The rcsulte In this table are In terms of liters of standard starch solution (1 per cent) 
irlilch trill be dlecsted by all the amylase In the ttrcnty-lour specimen. 

one average selected portion of stool of persons on the same diet at the 
same time. It seems most likely that the amylase present in a unit volume 
\'aries as the food intake and not with gastric motility, the values being 
in terms of solid fecal sediment. It is probable that equal portions of 
the same kind of food will stimulate the pancreas to secrete a definite 
amount of amylase in all normal persons and that its mixture with that 
portion of food will be relatively the same concentration, the factor of 
water dilution being removed. 

CLINICAL INVESTIGATION 

PrcTftoits Work . — Considerable work has been done on the determina- 
tion of pancreatic enz3Tnes as an index to pancreatic disease. A few 
examples have been selected from the literature. 

Wallis (1920), from a study of eight cases of acute ixincreatitis, 
twent\’-eight cases of chronic pancreatitis, five cases of carcinoma of the 
head of the pancreas, twenty cases of disease of the liver and thirteen 
miscellaneous cases, concluded that he could diagnose pancreatic disease 
if Loewi’s test, glycosuria and increased diasta.se in the urine all showed 
positive results. Confirmation of his work was not found. 
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Gavrila and faraschivesco (1926), using the method of Einhorn, 
analyzed eleven cases of var}‘ing degrees of diabetes inellitus and con- 
cluded that the diminution of pancreatic secretion is not parallel to the 
severity of the diabetes. 

Landan, Cygielstrejck and Fejgin (1926) found four cases of achylia 
gastrica associated with “pancreatic achylia.” The patients had per- 
nicious anemia, and the authors suggested that the pathologic process 
in these two organs may be part of the clinical picture of the disease. 

Silverman (1927), determining duodenal diastase, concluded that 
sprue shows normal pancreatic ferments. Manson-Bahr demonstrated 
histologically for him that the histologic structure of the pancreas was 
normal in this disease. 

Clinical Cases . — ^Determinations of fecal amylase were made in a 
series of cases including four cases of known chronic pancreatitis, proved 
at operation; five cases of chronic cholecystitis with stone, proved at 
operation ; two cases of chronic cholecystitis with stone, not proved by 
operation but clinically positive; two cases of chronic cholecystitis- 
noncalculus, proved at operation ; three cases of chronic cholecystitis, not 
operated on but clinicalty positive ; one case of stone in the common duct 
in which the gallbladder had previously been removed, not proved at 
operation but clinically positive; and five miscellaneous cases. 

These patients were placed for twenty-four hours on a fixed diet, as 
follows : 

Breakfast: 

Dish of oatmeal (about two-thirds cupful) 

Toasted white bread (one slice) 

Whole milk (8 ounces) 

Dinner: 

Buttered white bread (one slice) 

Whole milk (8 ounces) 

Lean steak (6 ounces) 

Boiled potato (1 medium sized) 

Corn starch pudding (two-thirds cupful) 

Suffer: 

Toasted white bread (one slice) 

Whole milk (8 ounces) 

One poached egg 

Corn starch pudding (two-thirds cupful) 

The first stool specimen, passed twenty-four hours after the last meal 
of the diet, was saved and the fecal amylase determined after the method 
of W’ohlgemulh-Hawk, as in series one and two of the normals. 

.'Mthough many of the foregoing values are below the lowest values 
(91) found in the normal series, operation confirmed gross changes in 
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McClure, Montague and Mortimer (1924), also McClure, Jones 
and Chester (1922) concluded that patients with achylia gastrica have 
normal pancreatic function as determined by diastase in the duodenal 
contents. 

Labbe, Nepveux and Adlersburg (1925), from a study of duodenal 
content diastase, concluded that: 

1. Diastase was decreased in patients with cholelithiasis as well as 
in destructive lesions of the pancreas. 

Table 4. — Data on Fecal Amylase Determinations in Clinical Cases 


38* 
Df. 


No. 

Patient 

Age 

DlECaEC 

24 h. 

8gx 

1 

O.K. 

G8 

Chronic cholecystitis ivlth stone, proved 

333.0 

F 

2 

M.S. 

34 

Chronic cholecystitis with stone, proved 

67.1 

F 

3 

O.P. 

23 

Chronic cholecystitis with stone, proved 

107.0 

M 

4 

M.L. 

43 

Chronic cholecystitis with stone, proved (with pancrent- 






Itls) 

240-201 

F 

6 

E.K. 

48 

Chronic cholecystitis with stone, proved (stone In am- 






pulls with obstructive Jaundice) 

62.G 

F 

• a 

8.M. 

46 

Chronic cholecystitis with stone, not proved 

n.i 

M 

7 

D.8. 

36 

Chronic choleeystitles with stone, x-roy positive 

100.0 

F 

8 

E.L. 

28 

Common duct stone, not proved 

322.0 

F 

0 

E. E. 

SO 

Chronic cholecystitis, proved (dllTuee sclerosis of pan- 

a 





cress) 

00.0 

F 

10 

O.K. 


Chronic cholecystitis, proved 

238.0 

F 

11 

I. W. 

* , 

Chronic cholecystitis, not proved..... 

G2A-G2.6 

F 

12 

J.K. 

24 

Chronic cholecystitis, not proved 

02.6-8G.0 

M 

13 

ai:E. 

a a 

Chronic cholcci'stltls, not proved 

22 -2G.3 

U 

14 

J.K.* 

30 

Chronic diffuse pancreatitis, with obstruction 

IG.S 

M 

IS 

8.8. 

38 

Chronic dllTuse pancreatitis 

21.0 

F 

IG 

M.C. 

68 

Cardnomn of head of pancreas 

100.0 

F 

17 

F.D. 

43 

Chronic nonulcerative colitis 

02.6 

M 

18 

J.H. 

34 

Chronic nonulcerative colitis 

333.4 

M 

10 

C.8. 

82 

Chronic nonulcerative colitis 

67.1-117.G 

M 

20 

J.6. 

41 

8pruo 

1C0-103.T 

M 

21 

M.H. 

38 

Acute yellow atrophy of liver 

G2A 

F 


* Onse 14 (J. X.) came to autopar on Julr IP. 1PZ8. The rlelit one third of the pancreas 
was replaced by carcinoma, the middle third contained little normal i;IaDd tlasuc and con* 
Fisted TSEcntlally of carcinoma. The loft third was extensively Inflltrated by connective 
tissue \rlth marbed diminution of gland tissue. TIic duct was virtually obstructed by a 
carcinomatous nodule grorring Into the ampulla of Vatcr. A fine probe could be forced 
through the opening. The duct of Santorini was obliterated. TIic pathologist’s opinion 
was that txi per cent of the gland had been destroyed. The low fecal amylase values arc 
therefore significant. 


2. They also found decreased diastase in three of seven patients with 
diabetes mellitus. 

Bassler and Lutz (1925), using Bassler’s test, analyzed ten cases 
and concluded: 

1. Chronic cholecystitis, especially with stone, shows a low value 
(from 2 to 7 units). 

2. One case of carcinoma of the gallbladder and pancreas showed 
a negative test. 

Cockcroft (1920). in direct contradistinction to Bassler and Lutz, 
using the same tests, found destructive lesions showing a positive reac- 
tion, while a case in which the jiancreas was normal showed a negative 
test several times. 
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thought that the cases of colitis might show an excess of acid in the 
stools and thus inhibit am^litic actmty (Vernon), but amylase deter- 
mined with the buffer solution as the diluting medium showed prac- 
tically normal reactions. The Vernon theorj' of acid inhibition cannot 
here be displayed, for an excess of acid was not present. 

In the case of sprue (case 4, J. G-) there was no decrease in fecal 
amylase value (100 and 103.7), which confirms the conclusion ' of 
Silverman. 

In the case of acute yellow atrophy of the liver with changes in all 
the abdominal organs (determined at autopsy three days after the test), 
a value of 62.5 was found, which is below the lowest normal value — ^91. 
This may have been due to destructive changes in the pancreas, with 
actual decrease in the necessary amount of secreting tissue. 

Conclusions. — 1. Cases of obstruction to the duct will show a decrease 
in fecal amylase (confirmed by McQure). 

2. Cases in which there is diffuse involvement of the pancreas, such 
that it cannot supply sufficient amylase for normal digestive processes, 
will show decreased fecal amylase.^ 

3. At the present time, cases with mild involvement of the pancreas 
cannot be confirmed by determinations of fecal amylase, probably owing 
to the “safety factor” of secreting tissue normally present. 

4. It may be that with larger series of cases of carefully conducted 
clinical experiments, the same diet being used in all cases, we may be able 
to demonstrate cases with mild involvement of the pancreas. 

f ANIMAL EXPERIMENTS 

Four dogs were prepared as follows : A short loop of bowel, from 15 to 20 inches 
(37.5 to 50.8 cm.) from the tail of the pancreas, was transplanted underneath the 
skin of the abdominal wall, just lateral to the umbilicus. Several days later, a 
fistula was made into this loop. The dogs so prepared vrere used as follows : 

Dog 1 . — ^This animal was fed a daily meal of 800 cc. of meal mash and 
300 Gm. of bread. Three times weekly, beginning fifteen minutes after the meal 
was eaten, 10 per cent sodium bicarbonate solution was allowed to perfuse through 
the bowel by means of a gravity bottle and dropping tube which was connected by 
a catheter (no. 14 F.) passed into the distal portion of the transplanted loop such 
that 500 cc. will pass through in one hour. Fecal amylase determinations were 
done on the two specimens of feces passed following such perfusion. Results arc 
shown in table 6. 


1. A case of hyperinsulinism due to a carcinoma of the pancreas metastasizing 
into the liver is now under study. Fecal amylase values arc from 110 to 80; the 
total for the twenty-four hour specimen is 6.65. The blood sugar at the time of 
amylase determinations was 0.049. This patient does not exhibit any signs ot 
obstruction of the duct and no doubt the pancreatic "safety factor” is cncroachcr 
on at the present time, as an amylase value of 80 is below our normal standard. 
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the jjancreas in only three cases. Lack of operation in seTCral cases 
deprived us of confinnative evidence. We cannot, therefore, say that 
values below 91 are indicative of pancreatic disease. E. K. (case 5) 
had a stone in the ampulla of Vater and J. N. (case 14) a diffuse 
pancreatitis with obstruction of the duct, each with jaundice, and the 
low amylase values were probably due to obstruction to the outflow 
of ijancreatic juice, although in case 14 there was an extensive change 
in the pancreas. 

The case of carcinoma of the head of the pancreas (M. C) shows 
the lowest normal level, and it is likely that an insuflicient amount of 
l>ancreatic tissue was involved to decrease the amount of secretory cells 
below the actual dietary requirements. In this case, there was no evi- 
dence of obstruction of the duct. 

Table S. — Dextrose Tolerance ‘Test in Cases 4 and 9 


CilEC 4 

FasUnRSuear 140 

Fint hour. 1S5 

Second hour ISl 

Third hour I48 

Fourth hour. 

Can> 0. Uctorc cholceyatcetoinF 

FiistlnR blood suRor. IXLO 

First hour. 101.0 

Sccoud hour. 1M.0 

'Ililrd hour 137.5 

101 days alter cholccystectoniy 

Fasting blood sugar. 0S.0 

FIrat hour. 301.0 

Second hour. 300.4 

Third hour 2434) 


Urine sugar negative 
Urine sugar plus irlth 13 drops 
Urine sugar tvo plus with 15 drops 
Urine sugor plus with 15 drops 
Urine sugar negath'e 

Urine sugar negative 
Urine sugar negnti^’C 
Urine sugar, trace 
Urine sugar negative 

Urine sugar negative 
Urine sugar, 0.1T per cent 
Urine sugar, 7.1 per cent 
Urine sugar, 5.0 per cent 


Of the three cases of proved nonobstnictive pancreatitis, all of long 
duration, two showed values considerably below the lowest normal level 
(20 and (30). There was mudi more extensive involvement of the 
ixincrcas in these two than in the third (case 4. M. L.), in which the 
proce.ss was mostly conflned to the head of the organ, and in which 
the values were well within the normal (246 and 201). Dextroise 
tolerance determinations were made in these cases with the result that the 
tests would further indicate that the secretion of the pancreas is dimin- 
ished more in cases 9 and 15 than in 4. 

In case 15. the ]>atient had active diabetes, so a sugar tolerance test 
was not attempted. 

The case of limited jiancreatic involvement seems to demonstrate that 


unless the changes in the ixincreas are marked, it will secrete, under 


normal stimulus, sufucient enzyme to digest nonnal food intake. The 
results of Rrown parallel the.'m observations. 


In the three eases of chronic nonulcerative colitis showing 
tlegrees of amyliiic aciidiy. conclii.<ions cannot be drawn. It was 


varying 
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Farrell and hry have shown in dogs with pancreatic transplants and 
Thiry fistulas that : ‘ 

1. Administration of 150 cc. of tenth normal hydrochloric acid mark- 
edly stimulated the pancreatic secretion. 

2. One hundred and fifty cubic centimeters of water or 0.3 per cent 
sodium carbonate stimulated secretion but to a milder degree, the car- 
bonate being less active than water. 

Our results on experimental work done show : 


Table 8. — Data oil Dog 3 


Ce.oliJZS% 

Date DnctlcAeld 

5/2 

6/ C 100 

6/7 IGO 

5/0 IBO 

6/12 200 

6/14 250 


88 • 


First Spedmen 

Amylase D1 

24b 

Second Spedmen 

Control 

• ••• • 


581 

1.032 

8.278 


076 

4,800 


1,248 

6,609 


630 

6A27 


460 

eAio* 



* Tills valno may bnye been blgbcr ns St xrns tbe last tube in the scries. 


Table 9.— Data oh Dog 4 



Cc. 01 1.26% 


38 • 

Amylase Df — • 
»b 

Control 

Date 

DactlcAcld 

First Spedmen 

Second Specimen 

6/14 

B/li; 

inn 



2,710 

3,270 

379 

6/10 


1,810 


6/2) 


1,712 

2,634 


6/21 


1,248 

4,890 

5,509 

6,569 


6/21 

200 

1,032 


6/2:i 


970 

5,827 



1. The administration of 1.25 per cent lactic acid (from 100 to 
250 cc.) through a jejunal fistula markedly stimulates pancreatic secre- 
tion, and the stimulation is progressively greater as the amount given 
increases. Such increases can be demonstrated by the quantitative 
determination of fecal amylase. 

2. The administration of 10 per cent sodium bicarbonate solution 
( from 100 to 400 cc.) markedly stimulated the secretion of the pancreas 
although to a lesser degree than does 1.25 per cent lactic acid. This 
increased secretion can also be demonstrated by fecal amylase deter- 
minations. 
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Dog 2 . — ^Tliis animal was fed the same as dog 1. The perfusion was done in 
tlie evening from about eight to ten hours after the ingestion of the mral. The 
results arc shown in table 7. 

In the case of each dog, it was found that in amounts up to 150 cc., the alkaline 
perfusion was well tolerated. If greater amounts than -this were used, the dog 
salivated, became nauseated and vomited from 10 to 20 cc. of the meal. In tlie 
case of dog 2, which was given the perfusion several hours after the meal, nausea 
was present after ISO cc., but the dog did not regurgitate altliough reverse gastric 
peristalsis seemed to be present at intervals. 

• 

Table 6. — Data on Dog 1 


Amylose Df 


88 * 
31b 


Cc. ol 10% 


Date KaHCOa First Specimen Second Specimen Control 

3/20 ... 414 

,3/31 100 TS2 1,510 

1/ 1 ... ... 230 

1/ 2 ISO 471 1,620 

4/1 ISO ICO 1,810 

4/ 7 200 812 2,031 

4/8 ... ... 201 

4/ 9 230 \Sea 1,700 

4/11 101 

4/14 Doe Is Quite sick, refuses to eat; perfusion stopped 


Table 7 j— Data on Dog 2 


■ Cc. of 10% 


Date XaHCOs 

4/11 

4/14 ISO 

4/l.'i 

4/10 iriO 

4/18 150 

4/21 200 

4/22 

4/23 300 

4/23 330 

4/28 400 

4/20 

4/30 400 


Specimen 

38 * 

Amylase Df — 
2th 

Second Specimen 

Control 

• •• 


790 

530 

1,712 


• •• 


3S0 

cot 

1,830 


200 

1,000 

■ ■ • 

CIO 

1,830 


• •• 


21S 

370 

2.108 

... 

510 

1,810 

... 

220 

2,332 

... 

• •• 

• ••• • 

280 

802 

2,270 

• •• 


In all cases, the first stool after the perfusion was soft and bulln* and usually 
was passed within one hour. The second stool was passed from twelve to eighteen 
hours later and was normtil in appearance. Fractions that amounted to less than 
five points were dropped from the results shown in the tables. 

Dogs and 4 . — ^These animals were fed meals the same as dogs 1 and 2. From 
.aliout eight to ten hours after the meal, the liowel was perfused with 1.25 per cent 
lactic acid. One attempt was made to perfuse during the ingestion of a meal, but 
2.5 per cent lactic acid was used and after 150 cc. had been given, the dog vomited 
a large portion of the meal. Thereafter perfusions were given at night as alreadv 
stated. The results are shown in tables S and 9. 
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3. It is probable that the determination of fecal amylase will serve as 
a satisfactory method of determining pancreatic secretion when a specific 
stimulator that will produce complete uniform stimulation has been 
devised. 

SUMMARY 

1. The majoritj' of the literature on pancreatic function tests has 
l)cen re\'iewed, and some of the more important conclusions have been 
stated in this paper. 

2. Determinations of fecal amylase were made on a series of normal 
persons to determine the normal r*alue and its relation to the various fac- 
tors concerned. 

3. An attempt was made to establish a normal twenty-four hour fecal 
amylase value. The attempt was unsuccessful. 

4. A series of cases was investigated and determinations- of fecal 
amylase were made. Sudi conclusions as were evident have been stated 
in the foregoing work. 

5. Animal experimentation was done to show that pancreatic stimu- 
lation can be demonstrated by determinations of fecal amylase. 


CONCLUSIONS 

1. Fecal amylase values of normal persons, using the Wohlgemuth- 
Hawk test, oiy widely from day to day, depending largely on the diet. 

2. In normal persons, the same diet produces closely similar stimula- 
tion to pancreatic secretion as shown by the values given on the same 
day by different persons on the same diet. 

3. The weekly quantity of amylase secreted by normal persons on 
the same diet, as determined by determinations of fecal amylase, 
approaches a uniform value. That this is not a desirable procedure for 
clinical use, is evident. 


4. The determinations of fecal amylase, Wohlgemuth-Hawk method, 
will show clinical results in only two types of cases; (a) cases of 
obstruction to the outflow of iwncreatic juice; (h) cases in which a 
large portion of the gland is diseased so that it cannot supply sufficient 
amylase for normal digestive needs. 


The determination of fecal amylase in dogs will show a quantita- 
tive increase in pancreatic secretion after gland stimulation by the apjdi- 
e.-uion of lactic acid or sodium bicarbonate to the jejunum. 


ft. It is i>robablc that a successful detennination of fecal ainviase can 
be devised, so that it will be of \-aluc in determining mild flegrecs of 
iymcre,ntic involvement if the present work <.n cfcretin jirodnces a pnri- 
fieil. nnutoxic product that can be use«l a’* a tmiform stimulu'! for maxi- 
mum p::j!creatic secretion : Mich maxintnin -ecretion to be determined l>v 
eMim:ii!onc of fee.**! a:nvla=e. 



THE CAUSE OF DEATH IN HIGH OBSTRUCTION* 


HENRY S. F. COOPER, JkLD. 

XEW YORK 

What is the cause of death in high obstruction ? 

Why is it tliat a simple obstruction of die large intestine is com- 
patible with life for a long time, while obstruction of the small intestine 
is i-apidly fatal ? 

A tremendous amount of work has been done on tliis subject, which 
in turn has given rise to a multitude of theories,, hardly two of whicli 
coincide. As in all problems for which a great number of explanations 
are offered, it is safe to assume that no one of them is entirely correct. 
Also, no theory has given rise to any practical means of preventing death 
after the condition has once fully established itself. In other words, no 
real advantage to the patient has accrued from this great mass of work. 
All medical and surgical researdi should have practical application as 
its ultimate goal. This goal is still in the dim distance as far as the work 
on high obstruction is epneerned. Now, as always, prompt surgical 
inter\'ention is the only means of combating this condition, and only too 
often this is of no avail. 

The cause of death in high obstruction is not Imown. The object of 
this article is not to advance any one theory above the others ; rather, 
is it an effort to present the subject in its many different phases and 
from its many different angles with the hope that somebody will see the 
^park and fan a flame that will bring light where there is darkness. 

CLINICAL AND P.XTHOLOGIC PICTURE 

Patients suffering from uncomplicated obstruction of the small intes- 
tine rarely sun'ive more than six or eight days if early surgical interven- 
tion does not take place. When the picture is fully developed, the fol- 
lowing outstanding features present themselves : 

The patient’s psychology is often misleading. He is mentally alert 
and acutely aware of his surroundings. He does not realize the serious- 
ness of his condition unless he is told. When first seen he is usually 
tossing about in bed. He is apt to talk about trivialities and make plans 
for the future. I have seen patients leave the hospital in this condition 
against the physician’s advice. 

* From the Department of Surgical Research. Girncll Medical School, New 

This work was aided by a gift of ^frs. John L. Given in support of surgical 
research. 
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There also are seasonal variations. For these reasons, it is not well to 
attach too much importance to minor differences in tlie length of sur- 
vival. One animal tliat survives indefinitely is worth more as evidence 
than a hundred that survive a few days more tlian the normal span 
of life for the condition. 

In order to have a working hypothesis it is first necessary to assume 
certain facts as established beyond a reasonable doubt. From a review 
of the literature on experimental work, it seems safe to concede the 
following facts : 

FACTS OBTAINED FROM EXPERIMENTAL WORK IN THE 

LITERATURE 

Fact 1. — Simple obstruction of the duodenum at a point just below 
the openings of the pancreatic and common bile ducts causes the most 
acute onset of symptoms and the earliest death. The length of survival 
and the acuteness of symptoms produced at other points in the small 
intestine is proportional to their proximity to this point. 

Mauty ^ was the first to demonstrate this fact. He established what 
he called the lethal line 35 cm. from the pylorus in dogs. Obstruction 
proximal or distal to this line he found to produce acute symptoms in 
proportion to its proximity. Incidentally, the line was below the open- 
ings of the pancreatic and common bile duc^s. This was established on 
a series of over 400 animals. 

Bunting and Jones® confirmed in substance these observations of 
Maury. Experimenting with rabbits, they found obstruction at the 
pylorus compatible with life for from thirty-six to forty-eight hours, 
while obstruction at points from the upper third of the duodenum to 
the middle of the jejunum caused death in from fifteen to twenty-four 
hours. Lesions at points below that gave progressively increasing 
lengths of survival. 

Auche,® Dragstedt, Moorhead and Burcky,* Eisberg,® Sugito,® 

1. Maury, J. W. D. : Is Death in High Intestinal Obstruction Due to Absorp- 
tion of Bile? Ann. Surg. 46:556, 1907; Death in Acute Intestinal Obstruction and 
Kindred Conditions is Due to Physiologic Disturbance: Study I. Has the Duo- 
denum a Toxic Intestinal Secretion? J. A. M. A. 54:5 (Jan. 8) 1910. 

2. Bunting, C. H., and Jones, A. P.: Intestinal Obstruction in the Rabbit, 
J. E.xper. Med. 17:192, 1913; 18:25, 1913. 
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4. Dragstedt. L. R. ; Moorhead, J. J., and Burckj', F. W. : Intestinal Obstruc- 
tion: I. An Experimental Study of the Intoxication in Closed Intestinal Loops. 

J. Exper. Med. 25:421, 1917. 
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6. Sugito, S. : Ueber die Todcsursache bei Ileus (Intoxikations-thcoric), Mitt, 
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The patient usually looks acutely ill. His cheeks are sunken; his 
eyes are bright. In the later stages, he presents the tj-pical hippocratic 
facies. There are beads of perspiration on his forehead. He often 
shows fibrillary twitchings of the hands and feet. His extremities are 
cold and clammy and his lips and nail-beds are often cyanotic. Usually, 
a deep coma intervenes before death. 

Vomiting is a constant S 5 'mptom. The vomilus first consists of gas- 
tric and duodenal contents and later takes on a fecal character, being 
light brown and of foul odor. At first the vomiting is accompanied by 
retching, but later it is passive, the material merely spilling from the 
patient’s mouth. Persistent hiccups are often a distressing complication. 

He may pass feces and gas in the early stages, but this soon gives 
way to persistent constipation. 

The temperature is normal or subnormal ; the pulse weak and rapid ; 
respirations, shallow, and the blood pressure, low. 

The red blood count is normal or increased, dei)cnding on the dehy- 
dration. There is leukopenia. The diemical examination of the blood 
gives a characteristic picture. The nonprotcin nitrogen is high. This 
rise is almost entirely due to a marked rise in the urea. There may also 
be a rise in the creatinine. The chlorides are reduced. The carbon 


dioxide combining power is increased. 

The urine is usuallv scahtv, and often shows a trace of albumin or a 
few casts. 1'he nonprotcin nitrogen in the twenty-four hour si)ccimcn 
is much increased quantitatively, being often four or five times the 
normal amount. The chloride excretion is greatly reduced. The kidney 
fimction, as shown by the phcnolsulplionphthalcln test, is normal or 
slightly decreased. 

The pathologic picture is curiously devoid of positive observations. 
The outstanding feature is marked splanchnic engorgement. The intes- 
tine. if not ruptured, is much dilated above the obstruction ; its wall is 
dusky red and may present areas of gangrene. The lumen is full of 
Slinking reddissh-brown fluid which is rich in bacterial content. I'he 
mucosa is deeply injected and presents ulcerations. This condition is 
most marked immefliately above the obstruction. Histologically, the 
intestinal wall shows marked capillaiy engorgement and areas of 
necrosis. Some observers have ilcscribed fatty changes in the liver atul 
evidences of toxic nephritis. These oh.«!crvatious arc not constant. 

I shall next consider the experimental field. Before proceeding any 
further, it would he well to bring out the diflicullies of animal experi- 
mom.aiion. h is safe to assume that the condition cm he reproduced in 
animals and that the picture is similar. Dogs lend themselves bc.st to 


this lyjv of experimentation. Gits .md rabbits have been used, hut 
ihe former are too resistant to the condition .and the latter are too 


delicati' Tlure is a groat variation, however, in individual animals. 


Purthenvore. animals in difierent localities sc-c-.m to react dificrcntlv. 
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Stomach : Dilated. Draper “ and Hartwell and his co-workers reported mucli 
capillar}' dilatation of the mucosa. 

Small Intestine: There is marked splanchnic congestion. The portion above 
the obstruction is dusky red and much dilated. It contains large amounts of foul- 
smelling, red-brown fluid which is rich in bacteria. The mucosa is greatly injected 
all the way from the point of obstruction to the pylorus, presenting ulcerations and 
necrotic areas. Histologic examination shows round cell inflltration and hemor- 
rhages (Hartwell and his co-workers"). The pathologic process is most marked 
just above the obstruction. The intestine bclovir the obstruction is collapsed, but 
otherwise normal. Hartwell and his co-workers" also reported acute hyperplasia 
of the lymph follicles. 

Peritoneum : Normal. 

Large Intestine: Draper" described much capillary dilatation about the 
terminal colon. Nobody else reported this. 

Liver: Hartwell and his co-workers" and WHiipple and his co-workers' 
reported occasional congestion and fatty changes. 

Pancreas: Hartwell and his co-workers" reported congestion. All other 
im'cstigators reported the pancreas to be normal. 

Kidneys: Brown, Eustcmian, Hartman and Rowntrcc" reported evidence 
of severe toxic nephritis although they did not say what this evidence was. 
Hartwell and his co-workers" reported marked congestion and the presence of 
granular coagula in the tubules. South and Hardt" reported cloudy swelling. 
Draper" and Whipple and his co-workers' reported normal kidneys. 

Spleen; South and Hardt" reported the spleen to be swollen. All others 
reported it to be normal. 

There is not by any means a unanimity of opinion on this subject, 
but nevertheless, it was felt best to include the pathologic description 
under the facts. 

Fact 5. — If a segment of 'small intestine is isolated and the ends 
inverted, and if then the continuity of the intestinal tract is reestablished 
by anastomosis, the animal will present a picture in a general way 
similar to an obstruction at the level from which the segment was 
isolated. 

This fact was first brought out clearly b\' Wiipple and his 
co-workers ' and has been confinned by many investigators since, most 

10. Draper, J. W. : Studies in Intestinal Obstruction with a Report of Feeding 
Heterologous Jejunal and Ilcac Cells to a Human Being, J. A. M. A. 63:1079 
fSept. 26) 1914. 

11. Hartwell, J. A.; Hoguet, J. P., and Beckman. F.: An Experimental Study 
of Intestinal Obstruction, Arch. Int. Med. 13:701 (May) 1914. 

12. Brown, G. E.; Eusterman, G. B.; Hartman, H. R., and Rowntree, L. G,: 
Toxic Nephritis in Pyloric and Duodenal Obstruction, Arch. Int. Med. 32:423 
fSept.) 1923. 

13. South. E. L.. and Hardt, L. L. J.: Experimental Intestinal Obstruction, 
.•\rch. Int. Med. 21:202 (Feb.) 191S. 
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Whipple and his co-workers " and many others have agreed in general 
with this, but have been content with stating that tlie higher the 
obstruction the more rapidly fatal the outcome. 

Fact 2 . — ^Experimental animals suffering from high obstruction 
show the following clinical picture; 

(1) They vomit. 

(2) They Ix:come dehydrated. 

(3) 'They show tremors and weakness of the hind legs. 

(4) The pulse becomes weak and rapid. 

(5) The blood pressure falls. 

(6) The urine is scanty. 

(7) Coma precedes death. 

All these symptoms have been so frequently observed that it does not 
seem necessary to quote references. 

Fact 3. — A study of the clinical pathology of . animals suffering 
from obstruction shows the following picture: 

Blood: 

(1) Leukopenia. 

(2) Slightly increased fibrin.* 

(3) High nonprotein nitrogen, almost entirely due to an increase in urea. 

(4) Low chloride content. 

(5) High carbon dioxide combining power. 

Urine : 

(1) Scant}'. 

(2) Slight trace of albumin. 

(3) Nonprotcin nitrogen excretion much increased. 

(4) Low chloride excretion. 

(5) Trace of phenol and indican. 

With the exception of item 2 in the description of the blood, all the 
items arc based on the observations of many workers. 

Fact 4. — .An animal that has died of high obstruction shows the 
following pathologic picture : 

Central Ncrvou.c System : Normal, grossly and microscopically. 

Lungs: Normal, grossly and microscopically. 

Heart: Normal, grossly and microscopically. 

Blood Vessels: Wilhams reported* hemolytic st.aining of the intima of the 
arteries. 


7. Stone. II. B.: Bcrnheim. B. M., and Whipple, G. K.: Intestinal Obstruc- 
tion: Study of the Toxic F.actor.s. Bull. Johns Hopknns IIosp. 23:150. 1012. 

S. lnpv.aldscn. T.; Whipple. A. O.: Bauman. L.. and Smith, B. C: T!:c 
Role of ,\nhy(!remia and the N.ature of the Toxin in Intestinal Ohstrnclion 
.1. r.xper. Med. 39:117, 1024. 

Williams, B. W.. Importance of Toxemia Due to .Anaeroldc Omani-m" in 
Inte-iinal Ob'lructii'ii and Peritoniti*. Brit. I. Sum. 14:2-'>5, lO^r.-p^TT. 
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Whipple and his co-workers did many experiments in which they 
demonstrated a rise in the urea. Gatch, Trusler and Ayers ='■ reported a 
slight fall in the chlorides. Nobody else reported any change in the 
chlorides or in carbon dioxide combining power. 

Fact 6. — If there is an interference in the circulation at the point 
of obstruction (i.e., strangulation), the picture is much more acute and 
death much more rapid. 

The great difference between strangulation and simple obstruction 
has been recognized b)’ many workers (Brooks and co-workers, “ 
Foster and Hausler,-® Hartwell and his^-workers,®^ Howell,®® Murphy 
and Vincent,®® Reichel,®® Sugito® and Wilkie®^). 

Whether or not high strangulation is more fatal than low is not so 
clearly demonstrated ; however, it probably is. This is difficult to demon- 
strate because the symptom complex is so acute that the picture is tele- 
scoped in as far as time is concerned, and therefore variations in the 
length of survival are correspondingly more difficult to demonstrate. 
However, a few references to it are found in the literature (Scholefield,®® 
Schonbauer ®®). 

There are further variations in the clinical aspect that are similar 
to, but more marked than, those described under fact 5. 

1. The shorter the strangulated segment, the more rapid is the onset 
of symptoms and the more fatal the outcome (Brooks and his co-work- 
ers,®® Scholefield,®® Sugito®). 

24. Cooke, J. V. ; Rodenbaugh, F. H., and Whipple, G. H. : Intestinal Obstruc- 
tion: VI. A Study of Noncoagulable Nitrogen of the Blood, J. Exper. ^led. 
23:717, 1916. 

25. Gatch, W. D.; Trusler, H. M., and Ayers, K. D.: Acute Intestinal 
Obstruction: I^Icchanism and Significance of Hypochloremia and Otlier Blood 
Chemical Changes, Am. J. M. Sc. 73:649, 1927. 

26. Foster, W. C., and Hausler, R. W.: Studies in Acute Intestinal Obstruc- 
tion. II. Acute Strangulation, Arch. Int. Med. 34:697 (July) 1924. 

27. Hartwell, J. A.: Intestinal Obstruction, J. Exper. Med. 18:139, 1913. 
Hartwell and Hoguct (footnote 17). 

28. Howell, J.: Experimental Observations on the Cause of Death in Acute 
Intestinal Obstruction, Brit. ^I. J. 2:1645, 1913. 

29. Murphy, F. T., and Vincent, Beth: An Experimental Study on the Cause 
of Death in Intestinal Obstruction, Boston M. & S. J. 165:684, 191 k 

30. Reichcl, P.: Zur Pathologic dcs Ileus und Pscudoileus, Deutsche Ztsclir. 
f. Chir. 35:495, 1892-1893. 

31. Wilkie, D. P. D. : Experimental Observations on the Cause of Death in 
High Obstruction, Brit. M. J. 2:1064, 1913. 

32. Scholefield, B. G.: Acute Intestinal Obstruction: Experimental Evidence 
of the .'\bsorption of Toxin from Obstructed Bowel, with a Critical Review of 
Varioii."! Methods of Treatment, Guy's Hosp. Rep. 77:160, 1927. 

33. Schonbauer, L.: Die Fcrmcntc in ihrer Bezichung zu gewissen Erkran- 
kungen dcr Galicnblasc und zum Ileus, .Arch. f. klin. Chir. 130:427, 1924. 
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prominently by Bunting and Jones,** Dragstedt, Dragstedt and co-^vo^k- 
ers,'® Eisberg,® and Murphy and Brooks.*® 

The statement was made that the picture, in a general way, was 
similar to that in obstruction. The following variations occur: 

1. Colonic and low ileal closed loops are compatible with life indef- 
initely (Halsted, von Baracz. quoted from Hartwell and his co-work- 
ers,** Murphy and Brooks,*” ^^^lipple** and Wilkie*”). 

2. The length of the closed loop brings in another factor. Animals 
with short loops die sooner than those with long ones (Brooks and his 
co-workers,*® Dragstedt, Drag.stedt and co-workers**). 

3. .Sometimes an animal will survive indefinitely with a closed loop 
no matter where it is (Dragstedt, Dragstedt and co-workers,* Sweet**). 
It seems as if this would have to be laid to individual variation. An 
animal has never survived when the closed loop received the .secretion 
of the liver and pancreas. 

4. .-Xnimals with closed loops show a slightly diflcrent picture from 
animals with simple obstruction. Tliey do not vomit as much, they do 
not become as dehydrated (Ingvaldsen and co-workers* and others), 
ajid the changes in the blood and urine chemistry arc not as marked. 
Copher and Brooks** rc^wrted case.s of dogs dying without changes. 


14. Bunting, C. II., and Jones, A. P. (footnote 2, second reference!. 

1.*). Dragstedt, L. R.; Dragstedt, C. A.; IMcCIintock, J, T., and CItase, C. S.: 
Intestinal Obstruction: II. A Study of the Factors Involved in Production and 
.Mtsorption of Toxic Materials from the Intestine, J. Exper. Med. 30:109, 1919 
(footnote 4). 

If*. Murphy, F. T., and Bmoks, B.: Intestinal Obstruction: .^n Experimental 
Study of the Causes of Symptoms and Death, Arch. Int. Med. 15:392 (March) 
191.*;. 


17. Hartwell. J. A., .and lloguet. J. P.: .^n Experimental Study of High 
Intestinal Ohstntetion. .Am. J. M. Sc, 143;3,*i7, 1912. 

18. W’ltipple, O.: Safety Factors in the Treatment of .■\cutc Intestinal 
Olwtructiou. Boston M. & S, J. 197:218, 1927. 

19. Wilkie, D. P. D.; .Acute Intcstin.*)! Obstruction. Lancet 1:1135, 1922. 

20. Brn«*ks. B.; Schumacher, 11. W., .and W.ititnbcrg. I. E.: Intestinal 
Obstruct ton; An Kxjtcrimcmal Study, Ann. Surg, G7:210, 1918. 

21. MctTimock, J. T,: Drncstedt. L. R.. and Dragstedt. C. Some Rc^ult.c 
ttom the l-:.\iierinicntal Study of Intestinal Ohstruction. J. b>wa State M. Soc. 


9:, 8 1‘tio. 

22 Sweet. J. F-.: The Paticreas and High Ime.Minal Ohstructii.n. IViin. .M. J. 
1C;4'»2, Sweet, ,1. E.; Peel, M. M.. and Hendrix, B. M.; Jlieh Inte'- 

f.u.il .\tm. Surg. C3:72i\ 1916, 

2,' t I'pher, fl. H , and Brook*. B.: Inte?tir..al Ol*'truc:!":i: Ajj !''xperiij:vn:.'«l 
the Tbvr.tptaiic Vr.lre of the .Adir.im-trr,!''-:’ of Sr d;«;n lli’- ride. .At:*;. 
Sure 78:7'.'. 1‘'2.'. 
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Stone,’” Whipple and his co-workers ^ and others. These facts are well 
established. 

Fact 8.~The intestinal content of an animal that has died of toxic 
injection is also toxic when prepared and injected in a similar way. The 
clinical and pathologic picture is identical witli that described under 
fact 7. This process can be repeated indefinitely, the toxin always being 
recoverable from the intestinal content of an animal that has died from 
its injection. 

This fact lias been established by £llis and by Sweet on the basis 
of many experiments. Other workers have not studied it, but there are 
no conflicting opinions. 

Fact 9. — ^The content of normal dogs during fasting is only slightly 
toxic when prepared in the same way. 

There is some dissension on this point. Opinions vaiy all the way 
from claims that the normal content is absolutely innocuous to state- 
ments that it is more toxic than obstruction content. 

Qairmont and Ranzi,®® Davis and Stone,*® Dragstedt, Dragstedt and 
co-workers,*^ Ellis,®®, Sugito ® and Whipple and his co-workers *® claimed 
that normal content is absolutely nontoxic if prepared and injected while 
it is still fresh. 

Cybulski and Tarchanoff,*® Davis,** Falloise *® and Kukula *® claimed 
that there is a slight but definite toxicity to the normal content. 

37. Stone, H. B. : The Toxic Agents Developed in the Course of Acute Intes- 
tinal Obstruction and Their Action, Surg. Gynec. Obst. 82:415, 1921. 

38. Sweet, J. £.: Intestinal Obstruction, Experimental Research, Intemat. 
Clin. 1:72 (30th ser.) 1920. 

39. Clairmont, P., and Ranzi, E.: Zur Frage der Autointoxication bci Ileus. 
Arch. f. Win. Chir. 73:696, 1904, 

40. Davis, D. M., and Stone, H. B,: Studies on the Development of Toxicity 
in Intestinal Secretion, J. Exper. Med. 26:(%7, 1917. 

41. Dragstedt, L. R.; Dragstedt, C. A,; McClintock, J. T., and Chase, C. S.: 
Extirpation of the Duodenum, Am. J. Physiol. 46:384, 1918. Dragstedt, L. R.: 
Moorhead, J. J., and Burckj', F. W.: The Nature of the Toxemia of Intestinal 
Obstruction; Preliminary Report, Prdc. Soc. Exper. Biol. & Med. 14:17, 1916- 
1917. 

42. Whipple, G. H.; Stone, H. B., and Bernhcim, B. M.: Intestinal Obstruc- 
tion, J. Exper. Med. 17:307, 1913. 

43. Cybulski, N., and TarclanoflF, J.; A propos dcs poisons normaux dc 
I'intcstin. Arch, internat. dc phys. 5:257, 1907. 

44. Davis, D. M.: Intestinal Obstruction: Formation and Absorption of Toxin. 
Bull. Johns Hopkins Hosp. 25:33, 1914. 

45. Falloise, A.: Les poisons normaux de I’intcstin chez ITiomme et Ics moyens 
dc defense centre ces poisons. Arch. Internat de plwsiol. 5:159, 1907. 

46. Kukula, O. : Untcrsuchungen fiber Autointoxicationen bci Darmocclusioncn, 
Arch. f. Win. Chir. 63:773. 1901. 



2 , Animals with strangulation show the following variations from 
le picture in simple obstruction : They do not l)cconie dehydrated, and 
1C changes in the chemistry of the blood and urine are less marked, 
here is, however, usually a rise in the urea (Whipple and his co-work~ 
rs,=* Foster and Hausler,®® Galch, Trusler and Ayers Gopher and 
irooks “ reixjrted death in strangulation without bloo'd changes, 
robody rejwned any changes in the blood chlorides or carbon dioxide. 

Fact 7 . — ^The intestinal content from above the obstruction, or from 
closed loop or from a strangulated loop, after being prepared in one of 
11}' number of ways and injected into another animal (preferably intra- 
enously) will cause the rapid death of that animal with a typical clinical 
nd patliologic complex which is as follows : 

Clinical : 

(1) Vomiting. 

(2) Tenesmus and bloody diarrhea. 

(3) Dilatation of the pupils. 

(4) Tremor, weakness of the hind legs. 

(5) Pulse, weak and rapid. 

(6) Death. ^ 

Blood: 

(1) Coagtilation reduced. 

(2) Rapid rise of nonprotein nitrogen, mostly due to urea. 

Urine: 

(1) Increase in amount.** 

(2) Slight trace of .nlbumin.*' 

(3) Sliarp rise in nonprotcin nitrogen excretion.** 

Pathologic Obsen'ations : 

(1) Blood concentrated and clots slowly. 

(2) Spleen, liver and pancreas engorged liver may be tense and friable. 

(3) Splanchnic vessels very prominent. 

(4) Stomach may be injected about the cardia. 

(5) The greater part of the mneosa of the small intestine presents a red, 
velvety appearance. This starts at a dcrinitc line 1 an. below the pylorus, is 
most marked in the duodenum and gradually fades out toward the terminal 
ilcinn. 

((*) There is an effusion of blood-stained fluid intfi the linnen of the small 
intestine. 


-Mbeck was the lir.^i to clc.«cribc the toxic 
This lias Ikhmi nlmo.st univcr.<ally observed since 
looic jiicturcs are fttlly <lescribed by FIUs.-” 


qiialitie.s of this material. 
. Tlie clinictt! and iwtho- 
Murphy and \'inceni,= ' 


.'4. \Vhipi>le .'iiiil C'w. ke: 
1-M«!;,!idi‘jn of Pa‘iir.!: Dr 
P'l; 


Pr»>tw>sc Into.xicatinn .‘jm! Injury t<i Bi-dy Proteins 
g* After Pr 4 .tto.-e Injtctv ii'. , 1 . Kxjnr. Mvl. 2 S: 4 '> 1 . 


.V.l'ick. V.' I'xperip.ivntelle nn.! klir.;* ,-hv L’n*.'. rsv.cl'.’.nvjen u!**t di" 
Ki Dv.t'.!u’.:irp.>tr:-.v'.:v.!;>f. n, Arcii. klir. Oiir. 45;5‘i'>, 19i2. 

.*■• l'!li>-. J \V • iH-jt’i in Ir.ti-:::;'.! « d-truct: .'mo Snrs' 


928 


. ARCHIVES OF SURGERY 


over long periods of time. At subsequent postmortem examination, 
they were able to isolate the same organisms from the viscera. They 
thus concluded that bacteria could enter the blood from the intestinal 
lumen. Borszesky and Genersich®“ claimed to recover colon bacilli 
from the blood in a large percentage of subjects dying from high’ 
obstruction. They therefore concluded that this 'was the cause of 
death. Later investigation has shown that this is apt to be a terminal 
event in any death. Also, many workers since have definitely proved, 
by repeated sterile cultures that such a bacterial invasion does not 
exist in acute intestinal obstruction. The most . conclusive of this 
evidence is seen in the work of Hartwell, Hoguet and Beekman.'^ 

A study of these facts immediately, stimulates thought and gives 
rise to many questions that need answering. The answers, unfor- 
tunately, are not easily forthcoming. Most of them are still being 
sought. 

QUESTIONS CONCERNING CAUSE OF DEATH IN HIGH OBSTRUCTION 

Question 1 . — ^\Vhy is it that the higher the obstruction the more 
rapidly death occurs? 

This is the most fundamental and far-reaching question. If it could 
be answered, the cause of death in high obstruction would be known. 
I shall not attempt to discuss it here, but will let the reader attempt to 
find an answer in the theories that are to be developed later. 

Question 2 . — What is the explanation of the clinical picture? 

Vomiting may be explained by the presence of the obstruction. The 
intestinal content comes up because it cannot go down. Peristalsis 
forces the material against the barrier, and a return flow results in the 
center of the stream. The vomitus is really squeezed out through the 
onl}' available exit, which is the mouth. There may also be a toxic 
factor in this vomiting which will be taken up in detail later. 

Dehydration is the direct result of the vomiting. Hartwell 
showed this clearly. Braun and Bonittau*® emphasized the fact that 
the secretion produced by the normal intestine in twenty-four hours 
is equivalent to almost the entire amount of blood and lymph in the 
body. The rcabsorption of this fluid is the only reason that the normal 
body is not continually and progressively deh^'drated. If, then, this 
reabsorption is prevented by obstruction, it is easy to see why an 
extreme dehydration results. 

56. Borszesky. C.. and von Gencrsich, A.: Bcitrape ziir Lokaldiapnosc dcr 
innrrcn Darmokklusioncn und zur Frage dcr .Autointoxikation, Bcitr. z. Win. Chir. 
36; 448. 1902. 
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Roger and Gamier ; Wangensteen and Chunn asserted that the 
nonnal content is at least as toxic as contents after obstruction. 

Braun and Bomttau maintained that the nomial content is more 
toxic than obstruction content. 

Jn view of these statements gleaned from the literature, it was 
thought best to strike a mean and sa\* that the normal content may be 
toxic. 

Fact 10. — Large amounts of this toxin may be introduced into the 
lumen of the normal small intestine without untoward results. 

This fact is universally accepted without dissension. It has been 
amply proved by Davis,** Schonbauer,®® Stone,®" Whipple and his 
co-workers,®® and Wilkie.®^ 

Fact 11. — Death in high obstruction, closed loops and strangulation 
can occur without bacterial infection of the peritoneum or blood stream. 

That death was due to peritonitis was held to be the case by some of 
the earlier observers. Albarran and Caussade felt that this was true. 
They claimed that if bacteria did not get through gross openings in 
the Wtill of the intestine the)' found their way through the intact struc- 
ture with a resulting peritonitis. This has been emphatically and com- 
pletely disproved. Buchbinder ®® and Helmberger and Martina *’* were 
among the first to disprove this contention. The permeability of the 
intestinal wall to bacteria will be discussed more fully. 

.Some of the early workers believed also that septicemia played a 
jiart in the picture. Wrzosek®® fed nonvirulcnt organisms to dogs 


47. Roficr, H., and Gamier, JI.: Lcs poisons dn tube dipcstif. Rev. tk: nicil. 
26:95.'?, 1900. 

48. Wanpensteen, O. H., and Ciiunn, S. S.: Stndics in Intestinal Obstniction: 
1. .-X Comparison of tlic Toxicity of Normal and Obstructed Intcstin.al Content, 
.•\rcli. Surp. 16:000 (Feb.) 1928. 

49. Braun. W., and Boruttau, H.; Expcrimental-kritischc Untcrsucliunpen 
iibiT den Ileiistod. Deutsebe Ztsebr. f. Cliir. 96:544. 1908. 

50. Whipple. G. H.: Intoxication of Intestinal Obstruction. Cuntrib. Med. &• 
Biol. Research, Sir W. Osier, New York 2 : 1005 , 1919. Whipple: Stone and 
Bernheim (footnote 42). 

51. Wilkie (fcintnolc.s .il and 19). 


52. .-Mliarran. J., and Caussade, G.: £tudc cxperimcntale sur lcs olutructions 
intestiiwles aipuis, xiii Conp. iiit. dc med., Gunpt. rend.. Pari^ (Sect, de path, 
pen. ft "fxper.l 2:5,8.', lOftO. 

5.). Buchbinder, H.: Expcrimcntcllc Untcrsuchunpen am Icbinder. Thicr- ursd 
Mcn*-chend.'.rm. Peatsche Zl-schr. f. klin. Oiir. 55:458. 19, V.). 

.84. HflmltTper. A., and M.anin.i, A.: K-viH-rimenielle Untersuchtmptn uber 
«lie Durchplnpipkei: dcs Darmes fur Bcctcricn, Detztiche Ztschr. f Oiir 
10, u 


55. Wr?,->tl:, .Ad;;’::: l'\ptr::!;er.!cl’r Bf;ir.-.re 
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amounts to a 1,000 per cent increase, whereas the concentration of the 
blood as measured by hematocrit readings docs not indicate a change 
even worth considering in this comparison (\\niite and Bridge®^). 

One is forced to the conclusion that urea is being formed to a great 
excess somewhere in the body. Urea is formed from tlie breaking up 
of amino-acids, which in turn come from a splitting of the protein 
molecule. From this one must further deduce that the high urea con- 
tent in this case is an index of a rapid destruction of protein or amino- 
acids, so rapid in fact, that the kidney excretion cannot keep up with 
it even though it be working overtime. 

Analogous conditions (i. e., high blood urea accompanied by high 
nitrogen excretion) are described as follows : 

(1) Injection of toxins obtained from the. lumen of the gut above an obstruc- 
tion (Whipple and Cooke**). 

(2) Simple laparotomy (Whipple, Cooke and Stearns**). 

(3) Sterile abscess (Cooke and Whipple**). 

(4) Pleuritis (Cooke and 'WTiipplc **). 

(5) Pancreatitis (Cooke and Whipple**). 

(6) Bilateral suprarenalectomy (Stewart and Rogoif**). 

(7) Anaphylaxis (Weil**). 

.\iso, a high blood urea witliout kidney impairment is described by Cooke and 
Whipple “ in pneumonia and acute 3 'ellow atropb}-. 

Another interesting point which will be discussed more fully is the 
fact that if a dog suffering from high simple obstruction is given 
fluids, especially saline infusion, the urea immediately shows a marked 
decrease and may even reach normal even though the obstruction still 
exists. This will be discussed more fully later. .. 

Question 6. — ^^^^ly does all this destruction occur? 

Whipple and his co-workers expressed the opinion that it is the 
result of the action of some toxic body on the tissues. They explained 
that this may be a rather nonspecific reaction since it is seen in so 
many different conditions. They offered an explanation of the fact 
that the administration of the fluid lowers the urea by asserting that it 
causes a dilution of the toxins with a resultant dimunition of their 

61. White. J. C., and Bridge. E. M.: Lo.ss of Chloride and Water from tlie 
Tissues and Blood in Acute High Intestinal Obstruction, Boston M. & S. J. 196: 
803. 1927. 

( 12 . Cooke. J. V.. and Whipple, G. H.: Proteose Intoxication: IV. Metab- 
olism of Dogs with Sterile Abscess, Pancreatitis and Pleuritis, J. Exper. Med. 28: 
223. 1918. 

63. Stewart, G. N., and Rogoff, J. M.; Studies on Adrenal Insufficiency, Proc. 
Soc. Exper. Biol. & Med. 22:394, 1924. 

64. Weil, R. ; Studies in Anaphylaxis : XXL Anaphylaxis in Dogs ; A Study 
of the Liver in Shock and in Peptone Poisoning, J. Immunol. 2:525, 1917. 
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The tremors and weakness, the weak rapid pulse, the low blood pres- 
sure and the coma will be taken up in detail later. It does not seem 
as if they could be explained entirely on the grounds of dehydration. 

Question 3 . — Why docs leukopenia occur? 

No explanations have been offered for this phenomenon. It is, 
however, evidence against the probability of an infective process being 
the cause of death. 

Question 4 . — Why is the fibrin increased? 

No explanation of this fact is forthcoming. 

Question 5 . — ^Why does high blood urea occur? 

This phenomenon of high obstruction was first described by Tileston 
and Comfort in 1914. Cooke, Rodenbaugh and Whipple “■* were the 
next to call attention to it. The latter workers also concluded that 
this rise was proportional to the seriousness of the symptoms. 

Of course, whenever the blood urea increases, one immediately 
thinks of impaired kidney function. In this case it would have to be 
considerably impaired to cause the degree of apparent retention that 
is so often seen. The answer is that retention of urea does not 
occur, but rather a greatly increased formation. Haden and Orr®“ 
and Whipple, Cooke and Stearns have conclusively demonstrated that 
the nitrogen excretion of the urine in cases of obstruction as measured 
in the twenty-four hour specimen is four or five times the normal 
amount. That there may be slight kidney damage was demonstrated 
by McQuarrie, Irvine and Whipple.®® After careful investigation, they 
determined that the kidney function as measured by its ability to 
excrete phthalein, urea and sodium chloride was slightly but definitely 
decreased. The presence of albuminuria, an occasional cast and a 
slightly increased amount of creatinine may be taken as further evi- 
dence of slight damage. However, all those who claim that there is 
serious renal damage have to explain how sudi a compromised kidney 
can excrete four or five times the normal amount of urea. 

The next most obvious explanation is dehydration and the resulting 
concentration of the blood. In the first place, the rise in urea often 

57. Tileston, W., and Comfort, C. W. Jr.: The Total Nonprotein Nitrogen of 

Urea of the Blood in Health and Disease as Estimated by Folin’s Methods Arch. 
Int. Med. 14:620 (Nov.) 1914. ’ 

58. Haden, R. L., and Orr., T. G. ; The Cause of Certain Acute Symptoms 
Following Gastro-Enterostomy, Bull. Johns Hopkins Hosp. 84:26, 1923. 

59. Whipple, G. H. ; Cooke, J. V., and Stearns, T. ; Proteose Intoxication and 
Injury of Body Protein: II. Metabolism of Dogs with Duodenal Obstruction 
and Isolated Loops, J. Exper. Med. 25:479, 1917. 

60. McQuarrie, I., and Whipple, G. H.: I. Renal .Function Influenced by 
Intestinal Obstruction, J. Exper. Med. 29:397, 1919. 
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Haden and Orr*® demonstrated that reduction of chlorides was a 
constant observation in all cases of simple high obstruction. ’ They 
further brought out the following facts: 

(1) Lowering of cliloridcs is the first change in the blood chemistr}’ following 
simple high obstruction, coming before the rise in urea. 

(2) The higher the obstruction, the more rapid the loss of chlorides. 

(3) They were able to keep dogs with duodenal obstruction alive from twenty- 
one to twenty-eight days witli the subcutaneous administration of 500 cc. of 
0.9 per cent salt solution a day. (Death at the end of this period might easily be 
attributed to starvation.) 

(4) As long as they' kept the blood chlorides at'a normal level by the adminis- 
tration of saline, the other blood changes did not occur. 

(5) Dogs in which an attempt to make up the loss of fluid was made by the 
administration of solutions of dextrose or sodium bicarbonate, died more quickly 
than animals which were untreated. 

(6) Animals did not derive any benefit from attempts to repair the loss of 
fluid by the administrations of potassium chloride, ammonium chloride, calcium 
chloride or magnesium chloride. 

(7) Animals with obstruction in which no attempt was made to make up the 
loss of fluid, but in whidi tire loss of chloride was made up by small amounts of 
concentrated sodium chloride solution (SO cc. 10 per cent sodium chloride per diem), 
lived from twenty-one to twenty-eight days and did not show toxemia or blood 
changes. 

They applied this form of treatment to patients suffering from high 
obstruction and found that it probably prolonged life in some cases. 
In its clinical application, they advised the administration of 1 Gm. of 

70. Haden and Orr (footnote 58) ; Qiemical Qianges in the Blood of the Dog 
.'Xfter Intestinal Obstruction, J. Exper. Med. 37:365, 1923; Chemical Changes in 
the Blood of the Dog After Pyloric Obstruction, ibid. 37:377, 1923; The Effect 
of Sodium Qiloride on the Chemical Qianges in the Blood of the Dog After 
Pyloric and Intestinal Obstruction, ibid. 38:55, 1923; Chemical Changes in the 
Blood of the Dog After Obstruction of the Esophagus and the Cardiac End of the 
Stomach, ibid. 38:477, 1923; Chemical Qianges in the Blood of Man After Acute 
Intestinal Obstruction, Surg. Gynncc. Obst. 37:465, 1923; The Effect of Inorganic 
Salts on the Chemical Qianges in the Blood of the Dog After Obstruction of the 
Duodenum, J. Exper. Med. 39:321, 1924; Use of Sodium Qiloride in Treatment 
of Intestinal Obstruction, J. A. M. A. 82:1515 (May 10) 1924; Obstniction of 
the Jejunum; Effect of Sodium Chloride on the Chemical Changes in the Blood 
of the Dog, Arch. Surg. 11:859 (Dec.) 1925; Experimental High Intestinal 
Obstniction in the Monkey, J. Exper. Skied. 41:107, 1925; Distribution of Qilorides 
in the Blood of the Dog After Experimental Intestinal Obstruction, ibid. 41:113, 
1925 : Tlie Sodium Content of the Blood of the Dog After Experimental Intes- 
tinal Obstruction, ibid. 41:119, 1923; Experimental Obstruction of the Jejunum: 
Effect of Sodium Chloride Injected into Lumen of Intestines Below Obstruction, 
ibid. 41:707, 1925: Effect of Jejunostomy on Experimental Obstruction of the 
Jejunum of the Dog, ibid. 43:483, 1926; Blood Fibrin in Upper Gastro-Intcstinal 
Tract Obstruction, ibid. 45:427, 1927 ; Excretion of Nitrogen After Upper Gastro- 
intestinal Obstruction, ibid. 45:433. 1927; Treatment of Toxemia of Intestinal 
Obstniction, Cobirado Med. 21:140, 1924. 



•COOPER-CAUSE OF DEATH IN HIGH OBSTRUCTION 931 

activity. This the6r>', in substance, is concurred in by Haden and 
Orr,®® ' McVicar and Rabinowitch.®® 

Gamble and Ross ®" expressed the opinion that the high urea was 
the result of dehydration and impaired renal function. Brown, Euster- 
man, Hartman and Rowntrce” thought that kidney impairment is 
the ovei^vhelming factor. None of these workers, however, gives any 
reports on the excretion of urinary nitrogen, nor do they give details 
of the pathologic process discovered in the kidne 3 's. This would seem 
important. 

Hartmann and Smyth®"* approached the problem from a slightly 
different angle. They suggested that the urea appears in the blood 
to compensate, in some rather obscure manner, for the loss of chloride. 
They inferred that it ma}' have some action either in the acid-base 
mechanism or in keeping the osmotic relations in proper balance. 

Bacon, Anslow and Eppler®® mentioned the fact that there' are rises 
in the urea in any condition calculated to cause dehydration. They 
killed dogs in a few hours by hypertonic saline infusion and the 
resultant dehydration. They noticed a rise in urea in these cases and 
attributed it to loss of water. They offered the following explanation : 
In dehydration, tlie water of hydration is removed from the protein 
molecule to make up for the deficiency. This may result in the 
disintegration of the protein molecule with an accompanying formation 
of Urea. This theory sounds very well, but its application as a possible 
explanation of the high amount of urea in obstruction is weakened by 
the fact that the}' noticed a marked hyperpyrexia in all their cases. This, 
of course, does not occur in obstruction. 

Question 7 . — ^^Hiy do the blood chlorides decrease? 

MacCallum, Lintz, Vermilye, Leggett and Boas ®® first demonstrated 
low amounts of chlorides in their work on pyloric obstruction. From 
their researches they also showed a definite benefit derived from .the 
administration pf chloride. 


65. McVicar, C. S.: A Discussion of the Clinical and Laboratory Clinical 
Findings in Certain Cases of Obstruction in the Gastro-Intestinal Tract: The 
Role of Blood Chemistry in Diagnosis, Prognosis and Treatment of this Condition 
Am. J. M. Sc. 169:224, 1925. 

66. Rabinowitch, I. M.: The Prognostic 'Value of the Study of the Blood 
Chemistry in the Acute Abdomen, Canad. M. Ass. J. 11:163, 1921. 

67. Gamble, J. L., and Ross, S. G.: The Factors in the Dehydration Following ' 
Pyloric Obstruction, J. Clin. Invest. 1:403, 1925. 

67a. Hartmann, A. F., and Smyth, F. S.T~ Chemical Changes in the Body 
Occurring as the Result of Vomiting, Am. J. Dis. Child. 32:1 (July) 1926. 

68. Bacon, D. K.; Anslow, R. E., and Eppler, H. H.: Intestinal Obstruction. 
Arch. Surg. 3:641 (Nov.) 1921. 

69. MacCallum, 'W. G.; Lintz, J.; Vermilye, H. N.; Leggett, T. H., and Boas, 
E.: The Effect of Pyloric Obstruction in Relation to Gastric Tetanv Bull Tohns 
Hopkins Hosp. 31:1, 1920. 
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discovered and failed to bring out, and the other of which they over- 
looked. In the first place, the>' showed tliat the administration of 
chlorides in forms other than, sodium chloride did no good. In the 
second place, animals dying from high obstruction without vomiting 
have greatly dilated stomachs and upper intestines which are filled with 
large amounts of fluid. 

However, in favor of their theory of a detoxifying action of 
chloride are the following observations: 

Peabody” obser\'ed a fixation of the chlorides in the tissues in 
pneumonia. 

Loeb (quoted from Hastings, Murray and Murray^®) discovered 
that the toxicity for the adult Fuiidulus of sodium bromide, sodium 
• sulphate and sodium nitrite was abolished by adding sodium chloride. 

Sugito® reported that the toxicity of intestinal contents after 
obstruction was lost when the substance was dialyzed for several hours 
through a collodion sac against physiologic sodium chloride solution. 
He further reported that the toxin formed crj’stals with the chlorides 
of heavy metals. 

Another interesting side-light is seen in the fact that Rackemann, 
Longcope and Peters found low • amounts of chlorides in scrum 
sickness. 

On the other hand, Gopher and Brooks and Gatch, Trusler and 
Ayers and others pointed out that the administration of the chloride 
does not do any good in the treatment of strangulation. Furthermore, 
Gopher and Brooks®* did not find any loss of chlorides in animals 
dying from toxic injection. In addition, they mixed the toxic sub- 
stance with sodium chloride and injected it without any diminution in 
its effect. They also could not demonstrate any beneficial effect if 
large amounts of sodium chloride were administered subcutaneously 
and intrapcritoneally before and after toxic injection. 

Gatch, Trusler and Ayers ®® made careful quantitative examination 
of the voraitus, urine, blood and tissues in cases of obstruction. They 
found that the tissue chlorides were reduced in the same proportion as 
the blood chlorides. They further found that there was enough loss 
of chloride in the urine and vomitus to account easily for this reduc- 
tion. They observed the same thing to be true of the chloride content 

74. Peabody, F. ; Studies of the Inorganic Metabolism in Pneumonia With 
Especial Reference to Calcium and ^lagncsium, J. Exper. Med. 17:71, 191.3. 

75. Hastings, H. B.: Murray, C. D„ and Murray, H. A.: Certain Chemical 
Giaiigcs in the Blood After Pyloric Obstruction in Dogs, J. Biol. Oiem. 4G:223, 
1021. 

7r.. Rackemann. F. M.; Longcope, W. T., and Peters, J. P.: The Excretions 
of Chlorides and Water and the Renal Function in Scrum Disease, Arch. Tnt. 
Med. 18:4% (Oct.) 1916. 
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sodium chloride per kilogram of body weight by infusion or hypo- 
dermocl3'sis of a 3 per cent solution as an initial dose. After that it 
should be administered as the occasion arises to keep the blood chlorides 
at a normal level. This stands as a definite clinical aid in the treat- 
ment of subjects with simple obstruction. 

Foster and liausler^^ brought up an interesting variation. They 
felt that the loss of chloride was apt to occur only in what they called 
the "critical period.” This, they stated, corresponded to the healing 
period of intestinal wounds in experimental animals and lasted for 
four or five days after operation. ‘ In their experiments, they took great 
care to keep the blood chlorides at the proper level for the first five 
days after operation. Animals treated in this way survived for periods 
of three or four weeks even when chlorides or water were not • 
administered after the critical period. This work was corroborated by 
Gatch, Tru.sler and A3‘ers.®*' 

Hartwell and Hoguet"" stumbled on the value of chloride therapy 
ten 3'ears before Haden and Orr started their investigations. The3' 
reported that they could keep dogs with high obstruction alive for 
three or four weeks by making up for the loss of fluid. In order to 
do this, they' gave large amounts of ph3'siologic sodium chloride solu- 
tion. It did not occur to them that the sodium chloride was an impor- 
tant factor. 

Haden and Orr’“ then tried to account for this loss of chlorides. 
They did quantitative tests on the urine and vomitus and decided that 
enough was not lost by these avenues. They then observed that loss of 
chloride and toxemia resulted in obsjtructed monkeys and rabbits."® 
Rabbits cannot vomit. Monkeys were not obseiA’ed to vomit. Building 
their theory on this basis, they decided that the Cl ion (Cl~) acted as 
a specific antibody on some toxin that was circulating in the blood as 
a result of the obstruction. They conceived of the reaction as being 
somewhat like this: 

^ X (Toxic) + NaCl + HXOa = NaHCOg + X (HCl) (nontoxic) 

Thus, the3’^ believed, a large amount of chloride is held in the tissues. 
This toxin, they thought, caused a destruction of protein with tlie 
formation of urea. When the toxin was neutralized by administration 
of the chloride, the excess urea was excreted and no more was formed. 
There are two weaknesses in this theory, one of which they themselves 

71. Foster, W. C., and Hausler, R. W.: Acute Intestinal Obstruction: III. 
Simple Obstruction, Arch. Int. Med. 86:31 (July) 1925. 

72. Hartwell, J. A., and Hoguet, J. P.: Experimental Intestinal Obstruction in 
• Dogs with Especial Reference to the Cause of Death and the Treatment by Large 

Amounts of Normal Saline Solution, J. A. M. A. 59:82 (July 13) 1912. 

73. Haden and Orr (footnote 70, tenth reference). 
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Portis and Portis described an elaborate exiJcriment whereby they 
produced an isolated loop of duodenum which they were able to wash 
out and drain at will. They demonstrated a marked loss of hydro- 
chloric acid from the loop with the earty development of the symptoms 
of tetany and death. They found that they could prevent this sequel, 
or stop.it if it had already begun, by introducing 0.3 per cent hydro- 
chloric acid into the loop in appropriate quantities. They forget, how- 
ever, that a dog with a drained duodenal loop is apt to live indefinitely 
an\*way. 

Gamble and his co-workers™ went a step farther. They studied 
the base-forming elanents of the body which tend to offset the acid 
fonning elements in maintaining the acidity of the blood at the proper 
equilibritun. They found them to be as follows in the approximate 
proportions indicated : Na +, 90 per cent ; Ca + +, 4 per cent ; K +, 3 
per cent ; Mg+ +, 3 per cent. They emphasized the fact that there 
is no eas}' means of altering the base concentration as there is on the 
acid side. It is all relatively fixed. They concluded, therefore, that 
when base is lost, water must be lost at the same time in order to keep 
the base concentration at the proper level and maintain the acidity 
which is essential for life. They then investigated the various avenues 
by which base might be lost. They killed rabbits by producing high 
obstruction and examined tlie contents of their stomachs. Here they 
found a fluid which contained base, mostly in the form of sodium, 
chloride and Avater Avhich represented losses equal to several times the 
initial total plasma content of ^ch of these elements. 

It seems, therefore, that the high carbon dioxide combining power 
is due to a loss of chloride and that the dehydration is due to a loss 
of water. Also, the fact that only water and sodium chloride combined 
does so much good is due in a large d^ree to the resulting addition 
of Xa"^. If this is not added the animals will lose the fluid as fast 
as it is given to them. To explain the tendency to alkalosis, one must 
further assume that more CI~ is lost than Na'^. If they were lost in 
equal amounts there would not be any disturbance of the acid-base 
ratio. Possibly the Cl"" is lost as hydrochloric acid and sodium chloride, 
while the Na+ is only lost in the latter combination. 

78. Portis, M. M., and Portis, B.: Experimental High Obstruction, J. A. M. A. 
85:574 (.Aug. 22) 1925. 

79. Gamble, J. L.; Blackfan, K. D., and Hamilton, B.: A Study of the Diuretic 
Effect of .Acid Producing Salts, J. Clin, Invest, 1:359, 1925. Gamble, J. L., and 
Mclvcr, M. .A.: A Study of the Effects of Pyloric Obstruction in Rabbits, ilwl. 
1:531, 1925. Gamble and Ross (footnote 67). Gamble, J. L.; Ross, G. S.. and 
Tisdall. F. F. : The Metabolism of Fixed Base During Fasting, J. Biol. Chem. 57: 
633. 1923. 



COOPER— CAUSE OF DEATH IN HIGH OBSTRUCTION 935 

of the fluid in the stomach and upper intestine of animals that had died 
without vomiting. In addition, they observed low amounts of blood 
chlorides in animals that had both ureters ligated. In this condition, 
vomiting is a marked and frequent symptom. These observations have 
been confinned in substance by Brown, Eusterman, Hartman and 
Rowntree,^“ Gamble and Ross.®’' Ingvaldsen, Whipple, Bauman and 
Smitli,® and White and Bridge.^^ 

Question 8 . — ^Wliy does the carbon dioxide combining power of the 
blood increase? 

As is well known, a disturbance in the carbon dioxide combining 
power of the blood is an indication of a disturbance of the acid-base 
regulating mechanism of the body. The carbonic acid concentration 
of the blood is the most easily regulated of all the factors concerned 
in this relationship. The acid forming elements in the normal blood 
are composed of the following factors in approximately the proportions 
stated: HCQ— 3 , 20 per cent; Cl““, 50 per cent; HPO= 4 , 3 per cent; 
SO= 4 , 1 per cent; organic acids, 1 per cent; unknown acid (probably 
protein), 25 per cent. These figures are only approximate. The amount 
of HCO~a is the most easily adjustable and is regulated through the 
respiration. Therefore, if for one reason or another there is a loss of 
acid forming radicals from the body, this loss is made up by a retention 
of carbon dioxide and a subsequent rise in the HCO ~3 which keeps 
the acidity of the blood at the proper level. It has already been demon- 
strated that there is a great loss of Q~ from the body. Therefore, 
it seems safe to assume that the carbon dioxide combining power of 
the blood increases to compensate for this loss. If this loss of acid 
goes on so rapidly or to such an extent that the increase in HCO ~3 
and other acid elements can not keep up with it, there is a resulting 
alkalosis. This is further borne out by the fact that many patients 
and experimental animals show symptoms akin to tetany, which, it 
has been frequently proved, results from alkalosis. These symptoms 
are hyperexcitability and tremor. This idea was first formulated by 
MacCallum, Lintz, Vermilye, Leggett and Boas ®® and offered as an 
explanation of gastric tetany. McCann and Hastings, Murray and 
Murray were the first to demonstrate the high carbon dioxide com- 
bining power of the blood in obstruction. This is further concurred in 
by Brown, Eusterman, Hartman and Rowntree,^® Gamble and Ross ®^ 
and others. 

Some even go so far as to suggest that this disturbance in the acid- 
base adjusting mechanism is the overwhelming factor in the toxic pic- 
ture of high obstruction (Gamble and Ross,®^ White and Bridge 

77. White, J. C, and Bridge, E. H. : Loss of Chloride and Water from the 
Tissues and Blood in Acute High Intestinal Obstruction, Boston M & S T 196* 
893, 1927. ■ 
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In view of what has already been discussed and from a careful 
comparison of the conditions, I think that one is justified in concluding 
that there are two conditions involved in intestinal obstruction in its 
broadest sense. These are: (1) Deliydration and an accompanying 
profound disturbance in the acid-base regulating mechanism; (2) an 
overwhelming toxemia. 

If the problem is approached from this angle, one sees that the 
first process is most prominent in simple obstruction. 

In experiments with closed loops both processes are at work at the 
same time to varying extents. If death occurs early, it is usually 
due to toxemia. If the animal survives for a while and vomits a good 
deal, dehydration and the accompanying disturbance in acid-base regu- 
lation again occur. 

In strangulation, toxemia has the upper hand. The animal is 
ovei^vhelmed and dies before he has a chance to become dehydrated. 

The only cliange in the blood chemistr}' observed frequently in 
toxemia is an increase in the amount of urea. 

The differences in these two conditions have been recognized by 
many workers (Foster and Hausler,®® Gatch, Trusler and Ayers,““ 
Hartwell and Hoguet,” Howell,®® Murphy and Brooks,®® and Wilkie ®®) . 
Foster and Hausler ®® and Gatch, Trusler and Ayers “ demonstrated the 
fact that the administration of water and sodium chloride was of 
no benefit in the treatment of strangulation. There are no conflicting 
opinions on this point. 

If toxemia is present, what does it come from? The first answer 
that suggests itself is that it originates from the stagnating contents of 
the intestinal tract which have already been demonstrated to be highly 
toxic. The first man to suggest the possibility of toxic absorption from 
the intestinal tract was Amussat®® in 1838. He treated a Monsieur 
Broussais who had carcinoma of the rectum which finally caused com- 
plete obstruction. He described the symptoms and downward course 
in great detail and suggested that death was due to absorption from 
the retained fecal matter. Bouchard,®* in 1885, really sponsored the 
theory and was responsible for its great popularity. At one time 
physicians were inclined to ascribe all ills to toxic absorption from the 
intestinal tract. Gaspard (1822), Panum (1856), Hemmer (1866) 

82. Foster and Hausler (footnote 26) ; Studies of Acute Intestinal Obstruction: 
I. Different Types o'f Obstruction Produced under Local Anesthesia, Arch. Int. 
Med. 34:97 (July) 1924. 

83. Amussat, J. Z.: La maladie de Broussais, suivic de qiielqucs reflexions 
pratiques sur Ics obstructions du rectum, £pcmay, 1845. 

84. Bouchard. C. : Lectures on Auto-intoxication in Disease, Philadelphia, 1906, 
tr. French cd.. 1887. 
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This contention of Gamble is further borne out in the experimental 
field by the following : 

1. Gamble and Ross”' were unable to prolong the lives of 
obstructed animals by making up the water loss with 5 per cent dex- 
trose or ammonium chloride. All animals thus treated showed 
dehydration and the typical blood changes. 

2. Haden and Orr^” found the same result when they attempted 
to make up the loss of water with solutions of KCl, NH 4 Cb CaCU or 
MgCl instead of NaCl. 

3. Haden and Orr^^ found that dogs with obstruction in whom 
the loss of fluid was made up by distilled water died- more quickly than 
if they were untreated. 

4. Gatch, Trusler and Ayers “ found that normal dogs without 
obstruction died in six da 3 's if they were given daily clyses of dis- 
tilled water. 

Before leaving this subject, it is well to state tliat all those who 
claim that death in high obstruction is due totally to dehydration and 
alkalosis, have to explain why death in closed loops and strangulation 
can interA’ene without any evidence of either phenomenon. 

Qucslion 9 . — \Vhy do urinary changes occur? 

The urine is scanty as a result of dehydration. 

The slight trace of albumin may be taken as an indication of slight 
kidney damage. 

The increase in the nonprotein nitrogen excretion can be taken as 
the result of the excess amount circulating in the blood. 

The low amount chloride excretion can be taken as an index of the 
decreased amount circvilating in the blood. 

The presence of phenol and indican suggests the fact that there may 
be some absorption from the intestine above the obstruction. These 
substances are products of protein putrefaction and are present in the 
intestinal content. Their presence in the urine was shown by Borszesky 
and Genersidi and Kukula.*® 

It should again be emphasized tliat there is no evidence of marked 
kidney damage. 

Question 10 , — ^Does the pathologic picture throw, any light on the 
subject? 

This question will be taken up and discussed in later connections. It 
is of but little assistance. 

Question 11 . — ^\Vhat deductions can one draw from the different 
pictures presented by simple obstruction, closed loops and strangu- 
lation ? 


80. Haden and Orr (footnote 70, seventh reference). 

81. Haden and Orr (footonote 70, fourth reference). 
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days. Before using the substance, they heated the mixture to 60 C. 
for thirty minutes and then centrifugalized and filtered it. 

\\niipple and his co-workers*® heated the fresh contents to 60 C. 
for several hours. Then they centrifugalized and filtered the substance. 
Occasionally, they would allow it to autolyze with chloroform and 
toluene for several days. 

Ellis ®“ precipitated the substance with five volumes of 95 per cent 
alcohol. He extracted the precipitate with boiling water to which 
magnesium sulphate was added to salt out the protein. The subsequent 
filtrate was reprecipitated with five volumes of alcohol and then fil- 
tered. This precipitate, when dried, formed a fine white powder which 
he dissolved in water and dialyzed against distilled water (to remove 
the magnesium sulphate) before using. All these methods fully dem- 
onstrated a toxic propert)'. The difficulty is in detoxifying it rather 
than in demonstrating its presence. 

Question 14. — ^What are the chemical properties of this toxin? 

There is not entire agreement concerning these properties, but from 
a survey of the literature, the following facts stand out: 

(1) The toxin is held back bj* an earthen, but not by a paper, filter.” 

(2) It docs not pass through a collodion membrane.” 

(3) It is not destroyed by boiling." 

(4) It is not destroyed by pancreatic digestion for seven days.^ 

(5) It is not destroyed by autol 3 rsis with intestinal mucosa for months.” 

(6) It is not destroyed by erepsin.” 

(7) It is probably destroyed by hydrolysis with 5 per cent sulphuric acid for 
six hours at 100 C.^ 

(8) Repeated precipitation removes its toxicity.” 

88. Stone; Bcrnhcim and Whipple (footnote 7). Whipple; Cooke and Stearns 
(footnote 59). 

89. Werelius, A.: Is Death in High Intestinal Obstruction Due to Liver 
Insufficiency? J. A. M. A. 79:535 (Aug. 12) 1922. 

90. Dragsted; Dragstedt and Qiase (footnote 73). Whipple and Cooke (foot- 
note 34). Whipple, G. H.; Rodcnbaiigh, F. H., and Kilgore, A. R.: V. Proteose 
Intoxication, J. Exper. Med. 23:123, 1916. 

91. Cannon, P. R. ; Dragstedt, L. R., and Dragstedt, C. A. : Intestinal Obstruc- 
tion: A Stud 3 ’ of the Influence of the Bacterial Flora on the Toxemia of Aaitc 
Obstruction, J. Infect. Dis. 27:139, 1920. Murphy and Brooks (footnote 16). 
Sugito (footnote 6). Whipple, G. H. : Intestinal Obstruction: A Proteose 
Intoxication, J. A. M. A. 65:476 (Aug. 7) 1915. 

92. Charrin and Lc Play: Travaux originaux: Le role pathologk|Uc des 
poisons de I'intestin, Semaine med. 24:377, 1904. Whipple (footnote 91, fourth 
reference). 

9.1. Whipple, G. II.. and Van Slyke, D. D.: Proteose Intoxication and Injury 
to Body Protein: III. Toxic Protein Catabolism and its Influence on the Non- 
Protein Nitrogen of the Blood, J. Exper. Med. 28:213, 1918. 
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and Bergmann and Schineideberg (1868) (quoted from Bouchard ®*) 
demonstrated that various products of putrefaction were highly toxic 
when injected into animals. Bouchard Idlled rabbits by injections of 
macerated muscle extract. He felt that there were four sources of 
intestinal auto-intoxication : 

(1) Food. 

(2) Bile. 

(3) Putrefaction of alimentary residues. 

(4) Fecal matter — ^mostly due to certain salts of potassium and ammonia. 

Question 12. — ^What, then, is this toxic substance that is found in 
the intestinal content above an obstruction? 

The answer to this question is not clear. The problem should be 
considered from different sides and then, if possible, conclusions 
reached. 

One thing that should be borne in mind is that the toxin can be 
formed in a closed loop with almost unbelievable rapidity. Bunting 
and Jones isolated it from the lumen of the bowel three hours after 
simple obstruction: 

Question 13. — How must the content above an obstruction be pre- 
pared in order to demonstrate its toxic properties? 

Murphy, Brooks and his co-workers®® did not prepare it. They 
simply took the fluid content above an obstruction and used it for 
injections. Sometimes tliey strained it, and at other times they diluted 
it with an equal amount of distilled water. 

Clairmont and Ranzi ®® filtered the contents through a Chamberland 
filter before injection. 

Dragstedt, Dragstedt and co-workers®® strained the fluid and 
heated it for one hour at 70 C. The coaguluin was then filtered off, 
and the filtrate was kept with chloroform and toluene until needed for^ 
injection. Before using the substance, the preservatives were removed 
by heating and filtering. 

Davis and Morgan®' took the mucosa with the fluid. Then they 
mixed this with physiologic sodium chloride, added toluene and chloro- 
form and allowed the mixture to autolyze at 37 C. for from•t^vo to ten 

85. Gopher and Brooks (footnote 23). Murphy and Brooks (footnote 16). 
Murphy and Vincent (footnote 29). 

86. Dragstedt, C. A. ; Dragstedt, L. R., and Chase. : The Antigenic Prop- 
erty of Closed Intestinal Loop Fluid, Am. J. Physiol. 46:366, 1918. 

87. Davis, D. M., and Morgan, H. S.: Natural Immunity of Animals Against 
Poison of Intestinal Obstruction, Bull. Johns Hopkins Hosp. 25:39, 1914. 
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toxicity: Proteoses, heteroproteoses, deuteroproteoses, protoproteoses, 
putrescin, cadaverine, histamine, choline, neiirine and muscarine.®* 

Kukula^® concluded that none of these existed in the intestine in 
sufficient quantities or were absorbed to a great enough extent to cause 
death. 

It must be remembered that this is an extremely complicated field 
and that there probably exist in the intestine many substances that have 
not as yet been isolated. 

Question 16 . — ^\Vhat other substances docs this toxic material 
resemble in its action? 

In 1822, Gaspard (quoted from Bouchard.®*) found that if he 
injected extracts of putrid meat into experimental animals the resulting 
symptom complex and a pathologic picture were almost identical with 
those described for the injection of contents after obstruction. He ‘is 
the first man to describe the hyperemia of the upper intestinal tract 
so characteristic of these conditions. 

In 1856, Panum (quoted from Bouchard®*) described the same 
thing. However, he took the precaution to boil his putrid extract 
before injection. He also found that the toxic factor could be pre- 
cipitated by alcohol. 

Wliipple and co-workers®® and Chittenden, Mendel and Hender- 
son'®® brought out the striking similarity between the pharmacologic 
actions of the toxic substance and proteose as evidenced by marked fall 
in blood pressure, prolonged coagulation time and the increased flow 
and reduced coagulabilit}' of the lymph. 

Stone and Gerard ®® showed that the action of the toxin is almost 
identical with that of histamine. 

Barger and Dale'®' described a symptom complex common to the 
pharmacologic actions of commercial peptone, extracts of intestines, 
thyroid, brain, etc., and of histamine which consists of vomiting, 
purging, salivation, labored respiration, low blood pressure, collapse and 
death. Histamine differs from the others in that it does not cause a 
loss of coagulation of the blood while the others do. 

Whipple and his co-workers'®® brought out the similarity of the 
action of the toxin to the reactions seen in conjunction u-ith large 
overdoses of epinephrine and fatal anaphylactic shock. South and 
Hardt also emphasized the similarity of anaphylaxis. This will be 
taken up later. 

100. Qiittcndcn. R. H. : Mendel, L. B., and Henderson. Y. : Chemico-PhysinloR- 
ical Study of Certain Derivatives of the Proteids. Am. J. Physiol. 2:142, 1898-1899. 

101. Barper, G., and Dale. H. H.: /5-Iminazolylethylamine, a Depressor Con- 
stituent of Intestinal ^lucosa, J. Physiol. 41:499, 1910-1911. 

102. Whipple: Rodenbauph and Kilgore (footnote 90. third reference). 
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(9) It loses its toxicity if diab'zed against physiologic sodium chloride for 
se\'eral hours* 

(10) It loses its toxicity by repeated filtration.®* 

(11) It loses its* toxicity by long standing in the icebox.*® 

(12) It is soluble in water.®* 

(13) It is tlirown out of solution ricli in albumin by boiling.®® 

(14) It is precipitated by five volumes of alcohol."* 

(15) It is precipitated by albumin.* 

tl6) It is precipitated by 60 per cent ammonium sulphate.* 

(17) It does not stimulate pancreatic digestion.*® 

Question 15. — What substances have been demonstrated in the 
intestinal tract that might contain the toxic factor? 

These substances might be divided into two classes: (1) those that 
are products of normal digestion plus normal bacterial action, and (2) 
those that are the products of stagnant digestion, where the bacterial 
action is more marked. 

The substances produced by normal digestion plus normal bacterial 
action are as follows : From proteins — metaproteins, proteoses, hetero- 
proteoses, deuteroproteoses, protopfoteoses, peptones, polypeptids, 
amino-acids, ammonia, hydrogen sulphide, nitrogen, methyl mercaptan, 
phenol, cresol, dioxybenzene, phenylacetic acid, .phenyl propionic acid, 
indol, skatol, tyrosine, dioxybenzene, resorcinol, hydroquinone and 
pyrocatechin ; from fats and lecithins — oxycholesterol, fatty acids, 
glycerol phosphoric acid, choline, neurine and muscarine ; from carbo- 
hydrates — derivatives of glucosamines and mucin, water, carbon dioxide 
and various disaccharids and polysaccharids.”® 

Stagnant digestion plus bacterial action, in addition to all of the fore- 
mentioned substances, produces the followii^: Pyridine, chinoline, 
toxalbumins, ptomaines, diamine^ tetramethylendiamine (putrescin), 
pentamethylendiamine (cadaverine), ethylendiamine and histamine.** 

These products probably owe their existence to much increased 
bacterial action. From the foregoing list the following have a known 

94. Ellis (footnote 36). Whipple (footnote 91, fourth reference). 

95. Whipple (footnote 91, fourth reference) . 

96. Ellis (footnote 36). Sugito (footnote 6). Werelius (footnote 89). 
Whipple (footnote 91, fourth reference). 

, 97. Schloss, quoted Iqr Gerard, R. W.: The Lethal Agent in Acute Intestinal 
Obstruction, J. A. M. A. 79:1581 (Nov. 24) 1922. Kukula (footnote 46). 
Nesbitt, B.: On the Presence of Oiolin and NeuriiTin the Tntps t in al ranal Dur- 
ing its Complete Obstruction; A Research on Auto-Intoxication, Dominion M. 
Month. 12:113, 1899. Sweet; Peet and Hendrix (footnote 22, second reference). 

98. Gerard (footnote 97, first reference). Sweet; Peet and Hendrix (foot- 
note 22, second reference). 

99. Gerard (footnote 97, first reference). 
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their results look convincing, many other experimenters have tried and 
failed to show any signs of immunity (Brooks Dragstedt, Drag- 
stedt and co-workers,'®® Davis and Morgan,®' Ellis,®® Magnus-Als- 
leben'®* and others). It seems as if Whipple’s results along this line 
would have to be laid to normal variation, 

Wilkie '® also thought the substance a proteose. 

Sweet,'®' Eisberg® and Sdionbauer '®* A^entured the opinion that 
it is a protdn split product related in some way to the toxic pro- 
teoses. SAveet mentioned the possibility of the substance being 
attached to the proteose molecule rather than its being the proteose itself. 
This is borne out by the fact that the toxicity is lost by repeated fil- 
tration or precipitation. 

Sdionbauer'®* felt tliat it is a product of tryptic fermentation of 
albuminous decomposition products. .He even ivent so far as 
to state that it is trypsin itself, which he believed is closely 
related in chemical composition to tlie protein split products. 
He reported the presence of trypsin in the peritoneum of dogs dying 
from high obstruction. He also reported beneficial results in high 
obstruction when injections of serum having a high antitryptic titer 
were gii’en. He found the serum of diabetic persons to have this 
quality. 

Stone®' and Gerard®® felt that it is histamine or a histamine-like 
product. 

Wangensteen and Loucks,'®® working with histamine injections into 
the lumen of the bowel, could not obtain evidence of its absorption by 
normal, obstructed or distended gut. 

Dragstedt, Dragstedt and co-u'orkers "® felt that it is related in 
some way to the toxic amines. 

Eisberg and Draper offered tlie suggestion that its is a substance 
of biochemical origin similar to parathyroid or other endocrine secre- 
tions. 

■I— ■■■■■II ■■■■ • 

106. Cannon; Dragstedt and Dragstedt (footnote 91, first reference). Drag- 
stedt; Dragstedt and Chase (footnote 73). Dragstedt, C. A., and ^loorhcad, J. J.: 
Immunit}' in Intestinal Obstruction, J. i^per. Med. 27:359, 1918. 

107. Sweet (footnote 22, first reference, and footnote 38). 

108. Schonbaucr (footnote 33). Schonbauer (footnote 33). Schonbaucr. L., 
and Lofficr, E. : Ueber llcusscruni : Expcrinicntelle und klinischc Untersuchungen, 
Wien. Win. Wchnschr. 38:135, 1925. 

109. Wangensteen, O. H., and Loucks. M.: Studies in Intestinal Obstruction:* 
II. The Absorption of Histamine from the Obstructed Bowel, Arch. Surg. 16: 
10S9 (May) 1928. 

110. Dragstedt; Dragstedt, and Qiasc (footnote 86). Dragstedt; Dragstedt, 
McOintock, and Qiase (footnote 15). Dragstedt and Jkfoorhead (footnote m 
third reference). 

111. Eisberg. H. B., and Draper, J. W.: Intestinal Obstruction: Continued 
Studies, J. M. A. 71:1634 (Xov. 16) 1918. 
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Question 17. — ^V\njat other conditions will cause the production of 
the toxin? 

First of all, it has already been stated that the toxin can be 
recovered from the intestinal lumen of animals that have themselves 
been killed by toxic injection. Ellis “ emphasized the fact that this 
makes its appearance with almost unbelievable rapidity. He produced 
a duodenal fistula in a dog^ and then subjected the animal to toxic 
injection. He collected duodenal contents before and after injection, 
and found that they almost immediately became toxic. 

Gurd found the intestinal contents toxic in a dog that had been 
killed by tying off the portal vein. 

■ ^'lagnus-Alsleben described a strong toxicity of the intestinal 
content of dogs following a meat diet. 

Elh’s described toxicitj* of the intestinal contents in dogs that have 
died from the following conditions: Thrombosed Eck fistula, dis- 
temper, acute pancreatitis, sterile peritonitis produced by dropping a 
piece of fresh pancreas into the abdominal cavity and bilateral supra- 
renalectomy. 

Question 18. — ^^Vhat, then, is this toxin? 

It has already been stated that it is not known what it is. The best 
that can be done is to quote the various opinions that have been 
expressed in the literature. 

^\Tiipple and his co-workers thought that it is a proteose because 
it has the following properties in common with a proteose: 

(1) Both are thrown out of a solution rich in albumin by boiling. 

(2) Both are nondialyzable. 

(3) Neither is destroyed by pancreatic digestion. 

(4) Both are precipitated by alcohol and soluble in water. 

(5) Both present the same clinical and pathologic picture when injected. 

(6) Injection of both causes a rise of nonprotein nitrogen in the blood. 

(7) Dogs are highly susccijtihle to both, while cats and rabbits are not. 


However, dogs can not be immunized to toxic injection. WTiippIe 
and his co-workers performed a long series of experiments which 
seemed to show that dogs could be immunized to toxic injection and 
that bv means of repeated sufalethal doses of the toxin thej' could be 
made relatively immune to subsequent obstruction. However, although 


103. Gurd in lUtiry f footnote I. reference). 

104 iraariUS-.-JsIeben, E.: Ueber die Giftisiait des rormalsn Darmmhalts. 
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This has not been confirmed by any subsequent observation. Ellis*® 
found gastric contents nontoxic. Stone®' felt that the toxin was not 
formed in the stomach. Many otlier workers agree. It looks as if 
Roger and Gamier’s observations would again have to be attributed 
to normal variation. The general opinion is that the stomacli is not 
the source. 

Question 21 . — Does the toxin come from the biliary tract? 

Bouchard reported that normal bile is toxic. However, it is easy 
technically to eliminate the excretion of bile from the gastro-intestinal 
tract and then produce obstruction in the animal, thus ruling 
out the bile. This experiment has been performed repeatedly by many 
workers who come to the universal conclusion that the elimination of 
the bile does not influence the picture (Bunting and Jones,®® Draper 
Maury,®®® McClure,®®® Sweet,®®® Stone, Bernhcim and Wliipple,® and 
others). 

Question 22 . — ^Does the toxin come from the pancreas? 

The idea of ascribing the origin of the toxin to the pancreas is an 
attractive one. In the first place, the dinical pictures of high obstruc- 
tion and acute pancreatitis are almost identical (Sweet®®®). Then, the 
toxin can be recovered from the intestine of an animal that has died 
of acute pancreatitis (Ellis-®®). Also, the pancreatic juice is the chief 
protein splitter of the body and there are those that think the toxin is 
a protein split product. In addition to this, pancreatic juice is itself 
toxic when injected after, being activated. And, finally, the lethal line 
of Draper lies just below the opening of its duct in the dog. 

In considering the evidence of the toxicity of the pancreatic secre-' 
tion, the outstanding example is acute pancreatitis in which, it is 
believed, the enzymes become activated, find access to the blood.streain 
and cause sudden death. 

Sugito ® reported that normal pancreatic secretion is not toxic. He 
observed, however, a rapid development of a great toxicity if he added 
a small number of bacteria to it. Cybulski and Tarchanoff ®® reported 
a toxicity of pure pancreatic juice which, however, becomes greatly 
enhanced by putrefaction. They stated that “its injection lowers the 
blood pressure, increases the rate of respiration and abolishes the 

114. Maury, J. \V. D.: Intestinal Obstruction: An Outline for Treatment 
Based upon the Cause of Death, Am. J. M. Sc. 137:723, 1909; (footnote 1, sec- 
ond reference). 

115. McGure, R. D. : Experimental Study of Intestinal Obstruction, J. A. M. 

49:1003 (Sept. 21) 1907. 

116. Sweet (footnote 22, iirst reference). 

117. Sweet. J. E. : High Intestinal Obstruction, Post-Operative Ileus and Aai'.c 
Pancreatitis, Penn. M. J. 16:520, 1912-1913; (footnote 22). 
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Murphy and Vincent and Williams® thought it is a bacterial 
exotoxin. 

Nesbitt thought that cholin is the toxic factor. Cholin has a 
curare-like action, increases intestinal movements and paralyzes the 
heart. This, of course, is not in accordance with the accepted picture 
of toxic injection. It does, however, suggest the possibility of there 
being more than one toxin as the cause of death. 

Ingyaldsen, Whipple, Bauman and Smith* made a careful and 
delicate chemical analysis of the substance. After various purifying 
processes (which amplified the metliod used by Ellis*®), they succeeded 
in isolating 1 Gm. of white powder from the combined contents of 
fourteen dogs with obstruction. They found that 71 mg. of this sub- 
stance would kill a dog weighing 5.5 Kg., in two and tliree-quarters 
hours. After careful analysis of this substance, they decided that it 
was a nucleoprotein for the following reasons : 

1. There was greater solubility in alkali and strong acids than in 
weak adds. 

2. It was not coagulated by heat. 

3. Chemical ^alyses and reactions showed that it contained phos- 
phoric add and a pentose. 

They also demonstrated the presence of very small amounts of 
histamine in content obtained after obstruction. This, they felt, was 
not suftident to cause symptoms. 

Bouchard thought it was an alkaloid. 

Murphy and Brooks “ suggested that it was a ptomaine. 

I am afraid that I shall have to leave it to the reader to take his 
choice. 

The next question to investigate is the possible origin of the toxin. 
Possibly some light can be thrown on the subject by investigating its 
source. 

Question 19 . — ^From what does the toxin come? 

In investigating this question, it seems best to start at the beginning 
of the gastro-intestinal tract and to look into every possible source. 

Question 20 . — ^Is the toxin formed in the stomach? 

The only evidence that the stomach is the elaborator of the toxin 
is found in the work of Roger and Gamier."® They isolated a toxic 
substance from the gastric mucosa which they called a. gastrotoxin. 

112. Nesbitt (footnote 97, third reference). 

113. Roger and Gamier (footnote 47); Note sur la toxicite dcs extraits pre- 
pares avee les parois du tube digestive, Compt rend. Soc. de biol. 64:426 610 and 
883, 1908. 
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On the other hand one cannot escape the fact that depancreatized 
animals with obstruction die just the same and with a picture not to 
be distinguished from that presented by normal animals with 
obstruction (Bunting and Jones,” Ellis and Sweet”®).. Further- 
more, Ing\'aldsen, A^niipple, Bauman and Smith ® demonstrated the 
presence of the toxin in the gut of depancreatized animals that had 
died from obstruction. 

Thus the idea that toxin comes from the pancreas must be 
relinquished. 

Question 23 . — Does the toxin come from the intestinal mucosa? 

Experimentation along these lines is immediately faced by the great 
difficulty of eliminating the intestinal mucosa and its influences from 
the experimental animal. The intestinal secretion consists of : 

(1) A purely mucoid secretion from the glands of Brunner in the duodcnuin. 

(2) 5uccus entericus which is made up of the following components : 

(a) Entcrokinase, the activating factor for the proteolytic cnzj'me of the 
pancreatic juice, converting tripsinogen to trypsin. 

(b) Erepsin, which acts on the proteoses and peptones, breaking them up to 
amino-acids during the process of absorption. Erepsin cannot be obtained from 
the lumen, but is in the cells. Erepsin is also reported to exist in the liver, kidney, 
pancreas and other tissues. This is an important enzyme. 

(c) Enzymes which act on the carbohj'dratcs, converting polysaccharids and 
disaccharids to dextrose. 

(d) Nuclease, which works on nucleoprotcins, splitting the nucleic acid to 
purine and pyrimidine bases. 

(c) Secretin, which stimulates pancreatic secretion. 

Whipple and his co-workers are the great cliampions of the 
intestinal mucosa as the elaborator of the toxin. They found that 
extracts of the mucosa of animals with obstruction contained the same 
toxic properties as the intestinal contents. They conceived of the toxic 
substance as being elaborated in the mucosa cells, some being excreted 
into the lumen of the gut, some remaining in the cells, and the remainder 
being excreted into the circulation, causing the toxic symptoms and 
death. In their experiments they report a toxicity of the contents com- 
ing from isolated drained loops. Building on this foundation, they 
constructed their theory which, in substance is' as follows: The mucosa 
cells, they claimed, depend for their normal action on the stimulus 
received from the normal passage of intestinal contents. They are 
stroked and bathed by it and in return they produce the secretions 
necessary for digestion. If this process is inlerrupted, as it is in a 
simple obstruction, they suggested that the action of the cells becomes 

121. Stone: Bcrnhcim, and Whipple f footnote 105, first reference, and foot- 
note 421. 
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coagulability of the blood. Sdionbauer showed that simultaneous 
introduction of trypsin and bacteria into the peritoneum caused rapid 
death, wtule twice the amount of trypsin or twice the number of bac- 
teria alone does not have any effect on the control animals. Sweet and 
his co-workers^” found that if they put pancreatic juice or dropped 
a piece of fresh pancreas into a low closed ileal loop (which is nor- 
mally compatible with life indefinitdy), the animal became toxic and 
quickly died with the typical picture of high obstruction. 

Further evidence of the possibility that the pancreas is the originator 
of the toxic substance lies in the fact that animals with simple obstruc- 
tion die with maximal rapidity if that obstruction is at a point just 
bdow the entrance of the pmicreatic ducts (fact 1). This was 
observed by Draper Maury Eisberg ® and Sweet.”® Draper 
Maury,”* Sugito® and Eisberg® reported that life is prolonged in 
obstruction if, by one means or another, the pancreatic secretion is 
made to enter the intestinal tract aboral to the obstruction. This con- 
clusion was drawn from a large number of experiments. Sweet and 
his co-workers*® reported that if Ihe pancreas is removed and high 
obstruction perpetrated, death will come in seven or eight days as 
opposed to death in two or three days if obstruction is established 
without the removal of the pancreas. They also expressed the opinion 
that obstructed depancreatized animals die with a slightly, different 
picture. Sweet also emphasized the great similarity of the symptom 
complexes and pathologic pictures presented by high obstructioh, acute 
pancreatitis and bilateral suprarenalectomy. In line with this. Sweet 
and Pemberton ”® demonstrated that injections of suprarenal and 
pituitary extracts have an inhibitory action on the pancreatic secretion 
which is independent of changes in the blood pressure. 

This work is pregnant with possibilities and stimulating to the 
imagination. Could it be possible that absorption of activated pan- 
creatic juice is the cause of death? And that conditions for the activa- 
tion and absorption can be produced in a number of ways (i.e,, by 
obstruction, closed loops, strangulation, bilateral suprarenalectomy, 
etc.)? And then, is it not possible that the toxic substance is 
reexcreted into the intestinal lumen, for instance, into closed loops? 
This idea has been toyeil with by Sweet,*” Draper Maury*” and 
Eisberg. Such a conception would also explain, possibly, the extreme 
rapidity with which the toxin is formed as observed by Buntina and 
Jones.* 


118. Maury (footnote 1, second reference). 

119. Sweet (footnote 117, first reference). 

120. Pemberton, R., and Sweet, J, E.; Further Studies on the Influence of the 
Ductless Glands on the Pancreas, Ardi. Int. Med. 5:466 (May) 1910. 
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laparotomy was done and the loop contents were found to be sterile. 
The ends were then inverted and the 'Sterile closed loops were returned 
to the abdomen as before. They found that animals thus treated lived 
indefinitely regardless of from what level the loop was taken. They 
further were able to strangulate these loops without any deleterious 
efiFect to the animal. From this they concluded that the intestinal secre- 
tion could have nothing to do with the elaboration of the toxin. 

Davis and Stone found that normal intestinal secretion from which 
bacterial action had been eliminated by the addition of chloroform and 
toluene could be autolyzed indefinitely without becoming toxic. They 
claimed that this method did not stop enzjine action, and they therefore 
concluded that intestinal secretion did not form the toxin. 

Gerard called attention to the fact that the formation of toxin goes 
on in a strangulated loop, where the mucosa is largely rotted away. He 
ofiFered this as evidence of the fact that intestinal mucosa cannot 
elaborate the toxin. 

Murphy and Brooks^® tied the cystic duct of dogs and found it 
compatible with life. They then inserted into Uie thus distended gall- 
bladder a few loopfuls of culture obtained from the intestinal 
contents after obstruction. These animals quickly died of the typical 
picture of toxemia. From tliis they concluded that the intestinal mucosa 
is not at all necessary for the elaboration of the toxin. 

Question 24. — ^Is, then, the toxin the result of bacterial action ? This 
subject has already been touched on. 

Those who have tried to ascertain the role played by bacteria are 
faced by the great difficulty of eliminating them entirely from the 
intestinal tract. The normal intestinal tract is inhabited by great quan- 
tities of bacteria of varieties too numerous to mention — aerobes and 
anaerobes. The most prominent aerobes are -the members of the colon 
bacillus family while the Welch bacillus leads the list of the anaerobes. 
The normal small intestine is relatively sterile, especially in its upper 
reaches. The gro^vth becomes more populous near the ileocecal valve, 
and is tremendous in the colon which is the happy hunting ground for 
bacteria. It is a well known fact that the intestinal content of any 
animal that has died from high obstruction, closed loop or strangula- 
tion is rich in bacteria no matter where the obstruction exists. What 
is the significance of this fact? 

There is good evidence to prove that normal intestinal content, if 
incubated presumably to promote bacterial activity, will develop toxic 
properties in a relatively short time. This has been nicely proved by 
Davis and Stone.'*® Murphy and his co-workers and Siigito.® Fur- 


124. Murphy and Brooks f footnote 16). Murphy and Vincent (footnote 29). 
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perverted instead they produce a poisonous substance. Their tech- 
nic in their fundamental experiment was, however, open to criticism. 
As was pointed out by Sweet, “ they made many of their isolated 
drained loops by double ligature of. the .duodenum and gastro-enter- 
ostomy distal to the second ligature. This, therefore, did not eliminate 
the possibility of there being a fuhctional obstruction above the first 
ligature in the stump of the duodenum. Therefore, they could not 
flaiin that the toxin was not formed in this stump and reexcreted into 
the drained loop. Also, it must not be forgotten that drained loops 
are frequently compatible with life, and that a toxicity can sometimes 
be demonstrated in normal intestinal content. 

Draper and his co-workers, after experiments on over 400 ani- 
mals, concluded that the toxin is a normal product of the duodenum 
related to the gastrotoxins of Roger and Garnier.*’^ This substance, 
th^ fdt, is normally neutralized lower in the intestinal tract. When 
an obstruction intervenes, however, the toxin is not detoxified, but is 
absorbed unchanged and causes death. This would seem to explain the 
greater fatality of high obstruction, because if the obstruction were 
lower there would be varying degrees of detoxication and a resultant 
prolongation of life. ElUs ** also concurred in this theory to a certain 
extent. Draper and his co-workers tried to develop this theory into 
a therapeutic advantage by feeding the jejunal and ileal mucosa of normal 
animals to animals with obstruction with the idea of detoxifying the 
fluid produced by the obstruction. At first they reported beneficial 
results, but were later forced to retract their statement. 

Schonbauer*® felt that trypsin is the offending substance and 
described its presence in the Brunner glands of the duodenum. He 
thought that Jit becomes activated and forms a protein split product 
which is absorbed and causes the toxic picture. 

Bunting and Jones thor^ht that the toxin is formed in the duo- 
denum. 

Hartwdl“® suggested that it is elaborated by the injured mucosa. 

Otliers have tried to eliminate the mucosa from the picture as 
follows : 

Dragstedt and his co-workers * isolated s^fments of intestine and 
left them open in- the peritoneal cavity with all nerves and vascular 
elements intact. These animals remained well. At a later date another 

122. Maury (footnote 114, first reference; and footnote 1, second reference) : 
Draper, J. W.: Experimental Intestinal Obstruction; Report of Further Physio- 
logic, Crtologic and Chemical Studies, J. A. M. A. 57:1338 (Oct. 21) 1911; foot- 
note 10; Intestinal Obstruction, ibid. 67:1080 (Oct. 7) 1916. Eisberg and Draper 
(footnote 111). 

123. Hartwell (footnote 27, first reference). 
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in all cases of the toxemia of high obstruction. Largely as a result of 
this ■work, many other investigators were swung around to this opinion 
(Gerard,®® Gurd,^®® South and Hardt,^® Wilkie,®® and others). Stone’® 
claimed that histamine was formed by bacterial action and suggested 
that it was the cause of death. 

If it is due to bacterial action, wliat bacteria are responsible? Clair- 
mont and Ranzi,®® after considerable experimentation, expressed the 
opinion that the aerobic bacteria, rather than the anaerobes, were respon- 
sible. Scholeiield ®® favored the anaerobes, especially B. welchii. 

Williams ® did a careful and interesting piece of work on this subject. 
He quoted the report of the Committee on Anaerobic Bacteria which func- 
tioned during the AVorld War. The)' give the following description of 
the toxemia associated with gas gangrene: “Vomiting is frequent. 
The pulse is rapid. The extremeties are cold and blue. The tempera- 
ture falls. The mind sta 3 's acute to the end. In the terminal stages 
some degree of icterus may be present.” He noticed the marked resem- 
blance between this picture and that of toxemia in high obstruction. 
Therefore he studied the Welch bacillus as the elaborator of the toxin 
producing death. 

He observed that the Welch bacillus was by far the commonest 
anaerobe in the intestinal tract. He isolated it from the vomitus and 
intestinal content after obstruction in a high percentage of cases of 
ileus. 

He studied the conditions necessary for its growth and production 
of toxin. He found that it needed a neutral or slightly acid medium. 
This, he found, was provided in the small intestine, especially the 
tenninal ileum. In the colon, where the medium is acid, he found but 
few living organisms of this species. 

He next tried to prove that the toxic substance in intestinal material 
after obstruction was Welch bacillus toxin. Accordingly, he made 
injections into two series of mice, one with the contents after obstruc- 
tion and the other with the contents plus Welch bacillus antitoxin. He 
found that in the first series of mice, 50 per cent died, whereas in the 
second they all lived. As further evidences of the absorption of Welch 
bacillus toxin, he noted fatty degeneration of the heart and liver and 
hemolj'tic staining of the intima of the arteries of patients dying from 
obstruction. This is also found in patients d>’ing from gas gangrene. 
He stated that he was unable to demonstrate the presence of gas bubbles 
in the liver which, of course, is an outstanding feature in patients over- 
whelmed with gas bacillus infection, but is not an essential to his theory 
of toxin absorption from the intestine. 

129. Gurd. F. B. : The Toxins of Intestinal Obstruction. J. Infect. Dis. 15: 124. 
1914. 
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thermore, Davis and Stone showed that normal contents do not develop 
toxicity as long as bacterial action is eliminated. Albu“® and 
Bouchard also thought that the toxin is the result of putrefaction, 
cornparitig the pharmacologic action to that of putrid meat. 

On the other hand, Whipple and his co-workers ** stated that normal 
mucosa extract putrefied and antolyzed did not produce toxicity. Roger 
and Gamier also felt that putrefaction has little to do with it. 

From the application of this to the experimental field, the following 
is found: 

Zimmerman”^ rq)orted two cases of infants bom with congenital 
atresia of the small intestine. They died without showing signs of 
toxemia. He attributed this to the absence of organisms in their 
intestinal tract. 

Albeck®* did a very interesting experiment. He observed the fact 
that the intestinal tracts of hibernating animals are sterile. Therefore, 
he strangulated. 20 cm. of the small intestine of a hibernating hedge 
hog. The animal did not wake up until the second day when it drank 
some milk. Death occurred on the sixth xlay. He was inclined to 
attribute the death to the fact that it introduced bacteria into its 
intestinal tract by drinking the milk and the resultant putrefaction. 

Dragstedt, Dragstedt and co-workers'*® tried many methods of 
sterilizing a closed loop. They fotmd that if they washed out the loop 
with ether before closing, a large proportion of dogs lived regardless 
of the level of the loop. At postmortem examinatibn, however, th^ 
found bacteria in small numbers in these loops. They attributed this 
survival to some astringent action of the ether on the intestinal mucosa 
which reduced its permeability. They obtained the same results with 
tannic acid. 

Their experiments by which th^ could sterilize loops by leaving 
them open in the peritoneal cavity have already been described. From 
these experiments, they concluded that health was not comiffomised in 
obstruction in the absence of bacteria, and that therefore micro- 
oiganisms elaborated the toxin. Murphy and Brooks'® did the same 
experiments with similar results. These workers took this ‘to be final 
proof that bacteria elaborated the toxin and had, therefore, to be present 

125. Albu, A. : Die Autointoxicationen des Intestinaltractus, Berlin, 1895. chap- 
ter 1, pp. 16-23. 

126. Roger, H., and Gamier, M.: Nouvelles recherches sur les poisons intes- 
tinaux, Rev. de mfed. 30:233, 1910. 

127. Zimmerman, H. B.; Acute Intestinal Ileus, Minnesota Med. 5:156, 1922. 

128. Dragstedt; Dragstedt; McOintock, and Chase (footnote 31, first refer- 
ence; and footnote 15, first reference); Dragstedt and Moorhead (footnote 106, 
third reference). Dragstedt; Moorhead, and Burclqr (footnote 41. second refer- 
ence; and footnote 4). 
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4. Why does the toxin appear in cases in which there is no reason 
to suspect stagnation of intestinal contents? It is reported in acute 
pancreatitis, thrombosis of the portal vein, bilateral suprarenalectomy 
and distemper.®® 

AVliipple and his co-workers ^®^. were unable to eliminate bacteria, 
but felt tliat they were ruled out for some of the foregoing reasons and' 
also because with a closed washed loop there are symptoms which result 
in death, whereas postmortem examination shows very few organisms 
in the loop. Buchholz and Lange were able to diminish the 
numbers of bacteria and completely avert their development by feeding 
acriflavine before obstruction. They reported that it did not influence 
the picture. Schonbauer*® felt that bacteria were ruled out because 
strangulation of the colon is much less fatal than strangulation of the 
small intestine. Roger and Gamier “® felt that putrefaction had little to 
do with the picture. 

Question 25 . — Does the toxin arise from partly digested food? 

It is safe to assume that it does not arise solely from partly digested 
food. Most experimenters have taken the precaution of starving their 
animals before producing obstruction, thus eliminating this variable. 
There are, however, some interesting side-lights that suggest that food 
may increase the amount of toxin and cause its formation in normal 
gut. In the first place, it has already been demonstrated that certain 
products of normal digestion are toxic. 

Roger and Gamier “® found tliat the intestinal contents were nine 
times more toxic after a meat diet than after a milk diet. 

Magnus-Alsleben ^®* found the normal contents toxic after every 
kind of food but milk. 

Wilkie ^®^ found that dogs died much more quickly from strangula- 
tion, if it was preceded by a protein diet. 

Cannon, Dragstedt and Dragstedt^®* found proteol 3 rtic bacteria 
common in the intestinal tract, but were unable to eliminate them by 
any kind of diet. 

This work would seem to add weight to the argument that the toxin 
is derived from protein digestion. 

All the available evidence of the existence and formation of a toxin 
in the lumen of the obstructed intestine having been reviewed, the fol- 

131. Stone; Bernhcim, and \\niipple (footnote 7; footnote 105, first reference, 
and footnote 42). 

132. Buchholz, W., and Lange, H.: Ileus and Damiflora, Munchen mcd. 
Wchnschr. 74:233, 1927. 

133. Roger, H., and Gamier, M.: Influence du regime lacte sur la toxicitc 
du content intestinal, Compt. rend. Soc. dc biol. 59:677, 1903; footnote 126. 

134. Cannon; Dragstedt, and Dragstedt (footnote 91, first reference). 
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He then applied the therapeutic test by treating patients suffering 
from acute appendicitis at St. Thomas’ Hospital in London. He chose 
acute appendicitis, because it was fairly common, because the condition 
gives fair warning of various complications before these complications 
develop to the fullest extent, and b^use the mortality in the disease 
was well established (6.5 per cent at St. Thomas’ Hospital). He gave 
the antitoxin in eighteen of 256 unsdected cases in which, in the opinion 
of consultants, the chances of life were 50 per cent or worse. In tins 
series, he had a mortality rate of 1.17 per cent. In a series of 111 
control cases in the hospital at the same time, and in which antitoxin 
was not administered, the mortality rate was 6.3 per cent. 

Also, in fifty-four cases of acute obstruction from one cause or 
another, he gave treatment in nineteen with five deaths. He quoted the 
mortality rate in these cases as being 9.3 per cent. He opposed tins to 
214 cases in the hospital from 1919 to 1923, in which treatment with 
antitoxin was not given, as being 24.S per cent. 

He reported an immediate and striking improvement in the patients 
as soon as they receive the treatment. 

This seems rather convincing, but a closer study of the facts reveals 
certain weaknesses. In the first place, Welch bacillus toxin is extremely 
labile, being easily destroyed by heat and slight changes in acidity. Tlie 
toxin generally conceded to be present in the obstruction material is 
.stable, not even being touched by boiling. In the second place, it was 
unfortunate that he chose acute aj^endicitis for his therapeutic test, 
because there is an added factor of infection which might well be due 
.in some degree to the Welch badllus. Finally, his statistics on the 
treatment of pure high obstruction would be more convincing if he com- 
pared his percentage mortality in the cases in which treatment was gfiven 
with the percentage mortalities in his control cases divided into groups 
of fifty-four consecutive admission. 

All those who claim that bacteria elaborate the toxin must answer the 
following questions : 

1. Why is it that lugh obstruction is so much more fatal than low 
obstruction when the low small intestine contains many more bacteria 
tlian the upper? 

2. Why does the toxin appear so rapidly after obstruction? Bunting 
and Jones” reported its appearance in three hours after duodenal 
obstruction. 

3. Why does the toxin reappear with sudi rapidity in the intestine 
of dogs tliat have received injections of it? Ellis reported that it 
appears almost immediately. 

130. Draper (footnote 122, fifth reference). Stone; Bcmheim, and Whinole 
(footnote 7). Wcreltus (footnote 89). 
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The majorit}' of workers believe that they are the same picture 
(Dragstedt, Dragstedt and co-workers,”® Stone,®’ Whipple and his 
co-workers®®’ and many others). 

Braun and Boruttau,^® Foster and Hausler,^® Harhvell and his 
co-workers,®® South and Hardt®® and Werelius®” think tliat the two 
pictures do not bear enough similarity to be due to the same process. 

Again, the reader wll have to take his choice. Perhaps more light 
can be thrown on the subject by what follows. 

Question 27 . — ^\Vhat evidence is there that a toxin is absorbed? 

In the first place, an animal may live for a long time with a closed 
loop which contains many times the lethal dose of toxin. This has been 
often proved (Dragstedt, Dragstedt and co-workers,®®® Murphy and 
Brooks,®® Wliipple and his co-workers ^ and otliers). 

McLean and Andries,®®® Werelius®® and Clairmont and Ranzi®® 
tried transfusing the entire blood content from a toxic animal with 
obstruction jnto a normal animal. Tliey did not obtain any toxic effect. 

Whipple and his co-workers gave a dog a large enough dose of 
toxin to produce marked symptoms. In two hours they transfused his 
whole volume of blood into a normal animal, without an unfavorable, 
effect. This would indicate that the toxin is taken up rapidly and held 
somewhere outside the blood stream. It further suggests that the fact 
that toxin cannot be demonstrated in the blood would not necessarily 
mean that it was not absorbed. 

Murphy and Brooks ®® did the following interesting experiment : 
They placed a cannula in the thoracic duct of a dog and collected the 
l}Tnph. They then isolated a loop of small intestine and injected into 
it toxic material from the intestinal content of a dog that had died from 
obstruction. This done, tliey increased the pressure within the closed 
loop by means of a colifmn of water. They noticed that the lymph soon 
became bloody. The material, when injected, caused toxemia and death 
nnth the typical picture. Normal l}Tnph, they found, was not toxic. 

136. Dragstedt; Dragstedt, and Chase (footnote 86). McClintock; Dragstedt, 
and Dragstedt (footnote 21). 

137. Stone; Bernheim, and Whipple (footnote 7). Whipple and Cooke (foot- 
note 34). Whipple, G. H.; Stone, H. B., and Bernheim, B. M.: Intestinal 
Obstruction : A Study of a Toxic Substance Produced in Closed Duodenal Loops, 
J. Exper. Med. 17:286, 1913. 

138. Dragstedt; Dragstedt; McClintock, and Chase (footnote 15, first refer- 
ence) . 

139. McLean, A., and Andries, R. C.: Ileus Considered Experimentally, J. A. 
M. A. 59:1614 (Nov. 2) 1912. 

140. Saucrbruch, F., and Heydc, M.: Weitere Mittheilungen fiber die Parabio.'sc 
bci Warmblfitcrn mit Vcrsuchen fiber Ileus und Uramie. Ztschr. f. exper. Path, 
u. Therap. 6:33, 1909. 
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lowing, question arises: Is this toxin the cause of the toxetma? Does 
it actually find its way into the circulation? If so, how? 

QueMon 2d.— Is this toxin tlie cause of the toxemia? 

This question can best be answered by comparing the syndrome of 
injection with that of obstruction. In this, it seems best to compare 
strangulation with injection because in strangulation the toxemia is 
developed to the greatest extent. This data is given in the acctrapanying 
table. 


Coinpamon of the Syndrome of Injection with Stranguiation 


Vomiting 

Tenesmus '. 

Diarrhea 

Dilatation of pnvtt 

Tremor, wealcnesa in hind legs 

Weak, rapid pulse 

Low blood pressure 

Death in coma 

Lenicopenia 

Fibrin increased 

Loss of coagulability 

High urea 

Amount 

Trace of albumin 

High nonprotein nitrogen......:..... 

Kidney function approaimatdy normal. 

Central nervous system normal 

Lungs normal 

Liver 

Spleen 

Pancreas 

Splanchnic dilatation 

Stomach distended 

Intestine distended 

Large amount of fluid in intestine. . . . 
Intestinal mucosa injected 


Strangulation 

Injection 

aintcal 


+ 

+ 


+ 

i— 

+ 

No observation 

+ 

+ 

+ 

+ 

+ 

+ 

• + 

+ 

+ 

Blood 


-1- No observation 

-{• No observation 

No idwervation 

-H 

4* 

+ 

Urine 


Scanty 

Increased 

+ 

+ 

+ 

+ 

+ 

+ 

PathMoey • 

+ 

+ 

+ 

+ 

Normal 

Engorged 

Normal 

Engorged 

Normal 

Engorged 

+ 

+ 

+ 

... 

Above obstruction 


+ 

+ 

+ 

+ 


These comparisons have been found in different parts of the litera- 
ture and it does not seem necessary to quote all the references. Whipple 
and his co-workers go into this comparison more deeply than do 
any of the other authors. There truly is a marked resemblance. Possi- 
bly the differences can be explained by the fact that in one case there is 
mechanical obstruction and slower absorption, whereas in the other an 
overwhelming dose is given all at once. 

Whether or not they resemble each other enough to be considered 
due to the same process is largely a matter of personal opinion. 

135. Stone; Bcrnheim, and Whipple (footnote 7), \Vhipple and Cooke (foot- 
note 34). 
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Enderlen and Hotz studied the absorption of sodium chloride and 
dextrose in 5 per cent solutions. They found that normally the sub- 
stances were absorbed in quantities proportional to the fluid absorbed. 
In simple obstruction, they found the absorption much decreased and 
much excess of fluid secreted into the lumen. They also found absorp- 
tion much decreased in closed loops. 

Davis** found phenolsulphonphthalein actively absorbed by closed 
loops as tested by its excretion in the urine. 

Falloise*® injected the toxin into the lumen of gut, the mucosa of 
which had been damaged by sodium fluoride or hot water. He noted 
toxic s 3 'mptoms. 

Hartwell and his co-workers were the first to bring out the theory 
that the toxemia did not make its appearance in the presence of unin- 
jured mucosa. They recognized the great difference between simple 
obstruction and strangulation and attributed it to this. They searched 
all the protocols of Whipple and his co-workers and found that in every 
case in which death supervened with obstruction or closed loop, there 
were gross changes in the mucosa. They even carried it so far as to state 
that when obstruction or closed loop ‘was caused by section and inver- 
sion, the element of injury to the mucosa was automatically introduced 
by the surgical procedure. They then devised a clamp with which to 
cause obstruction without compromising the circulation of the com- 
pressed gut. They claimed that dogs thus obstructed died only from 
starvation provided their water balance was maintained. They later 
modified this view and decided that damage done by section ^vas 
immaterial. 

Brooks and his co-workers^*® believed absorption through the 
injured mucosa was the most important factor in the production of 
the toxemia. They agreed with Hartwell that the toxemia is directly 
proportional to injury to the mucosa. They believed that this injury is 
caused largely by distention of the gfut and the resultant compromising 
of the circulation. They called attention to the fact that the upper 
intestine is largely secretory in function, while the lower is largely 
absorptive. Thus in upper intestinal obstruction, the distention and 
resultant damage to mucosa makes its appearance much more rapidly 
than in lower intestinal obstruction. In this way the}' explained the 
extreme toxicity of strangulation and the fact that long closed loops are 
less rapidly fatal than short ones in which distention appears more 

141. Enderlen and Hotz: Ueber die Resorption bei Ileus und Peritonitis, Mitt, 
a. d. Grenzgeb, der Med. u. Chir. 23:755, 1911. 

142. Hartwell (footnote 27, first reference). Hartwell and Hoguet (footnotes 
17 and 72). Hartwell; Hoguet, and Beeknian (footnote 11). 

143. Brooks; Schumacher and Wattenburg (footnote 20). Gopher and Brooks 
(footnote 23). Murphy and Vincent (footnote 29). 
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Sauerbruch and Heyde experimented with animals living in para- 
biosis. They found that when one was obstructed th^ both showed 
symptoms. If they were then separated, the one that was not obstructed 
recovered. 

Sugito® produced closed loops in dogs. During the last moments 
of life, he aspirated blood from the veins in the mesentery coming from 
the loop. He then separated the serum from this blood and injected 
it into mice. He found that it killed them in from three to fourteen 
hours. He found that serum from title mesenteric veins of normal 
onittialg was nontoxic. Scholefield*® corroborated these observations of 
Sugito and emphasized the fact that the blood must be obtained during 
the last moments of life to show toxicity. 

Sugito ® claimed that the toxin could be isolated from the blood of 
animals with obstruction by tryptic digestion of serum albumin. 

Schloss®* reported a hista m ine-like body. which he recovered from 
the blood of infants suffering from obstruction. 

There is then some evidence of a toxin circulating in the blood. If 
the toxin does get into the blood, wlmt possible channels of entrance are 
there? 

Question 28 . — ^Does toxin get in through the intestinal mucosa? 

It has been amply proved that the normal intestinal mucosa is 
impervious to the toxin (fact 10), but the mucosa above an obstruction 
cannot be called normal. It nearly always shows gross changes, and 
there is no reason to believe that, even in the absence of any gross or 
histologic changes, its physiology is not profoundly affected. In study- 
ing the absorptive properties of the intestine above an obstruction, the 
presence of indican and phenol in the urine (Kukula *®) may be taken 
as evidence of absorption from the obstructed gut. 

Braun and Boruttau injected strychnipe into the lumen of normal 
gut in quantities varying from 1.2 to 3 mg. Cramps began in five and 
one-half minutes, and death in thirteen and one-half minutes. In 
animals with obstruction whidi received like doses th^ observed the 
onset of cramps in between ten and fifteen minutes and death super- 
vened in from twelve and one-half to-thirty-five minutes. They took 
this as proof of the fact that absorption was present but lessened in 
obstructed gut. 

Clairmont and Ranzi ®® injected calcium iodide (205 cc. of a 2 per 
cent solution) into the lumen of the gut and then tested the urine at 
frequent intervals for the presence of iodine. In this way they con- 
structed curves for normal and obstructed animals which they took to 
be indices of die absorption of this element. After many experiments 
they determined that the absorption above an obstruction was more than 
normal at first, reaching a peak at about the end of the first half of the 
.surrival period. After that it rapidly fell below normal. 
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The probability of the toxins being absorbed is accepted by the great 
majority of investigators. There is good proof that such is the case. . On 
the other hand, it is difficult to imagine how toxin can be absorbed 
through the vascular elements of the mesentery in cases of strangulation 
in which at least the venous return is cut off and often the entire circu- 
lation is blocked. It should again be emphasized that death can occur in 
strangulation without peritoneal infection. 

Question 29. — ^Is, then, the toxin absorbed b)' the peritoneum after 
passage through the intestinal wall? 

The work of Stone and Firor^*^ already described, in which they 
demonstrated toxicity of Ringer’s solution whicli had contained an 
inflated closed loop of intestine filled with toxin would suggest this. 

Braeye held the theory that the intestinal wall was in some respects 
similar to a semipermeable membrane and would therefore conform to 
the laws of diffusion and osmosis. He quoted recent work which showed 
that a collodion membrane, impermeable to hemoglobin, could be made 
permeable by adding sodium oleinate and sodium glycocholate to the 
mixture. He therefore put an excised closed loop, full of toxin, into 
Ringer’s solution and added 1 per cent soap solution. He was not able 
to demonstrate toxicity of the Ringer’s solution. 

Foster and Hausler,^® working on this theoiy, put a strangulated loop 
in a rubber bag in an attempt to eliminate peritoneal absorption. They 
were not able to demonstrate any difference in the outcome. 

The work of Schonbauer®’ deserves special consideration. He 
observed that a strangulated inguinal hernia was not nearly as fatal as 
a strangulated internal hernia. He ascribed this to the surroundings of 
the strangulated loop. He carried out the following experiments along 
this line : 

Schonbauer put calcium iodide in the stomachs of normal ani- 
mals by means of a stomach tube. He was unable to demonstrate any 
signs of absorption over a period of twelve hours as indicated by fre- 
quent examinations of the blood and urine, nor was he able to demon- 
strate any evidence of the substance in the peritoneal cavities of these 
animals. 

He next repeated these experiments, except that after placing the 
calcium iodide in the stomach, he subjected the animal to a normal 
exploratory laparotomy. After this procedure, he found traces of the 
substance in the blood in six hours and large amounts in the peritoneal 
cavity at subsequent postmortem examination. 

147. Braeye, L.: Contribution to tlie Study of Toxic Absorption from tlie 
Intestinal Tract in Experimental High Obstruction, Bull. Johns Hopkins Hosp. 
40:33, 1927. 
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rapidly due to .tlieir very shortness. They feel tliat they proved the 
permeability of injured mucosa to the toxin by their experiment with a 
ratinnla in the thoradc duct which has already been described. They 
connect this theory with their theory of the bacterial origin of the toxin 
and state that there are two factors in the production of the toxemia of 
obstruction: (1) the daboration of the toxin, which is the result of 
bacterial action, and (2) the absorption of the toxin which is .propor- 
tional to injury to the mucosa. Of these two factors, they feel absorp- 
tion to be by far the most important. In this way they fed that they 
have explained how the toxin can be of bacterial origin and still cause 
death more rapidly in obstruction in the upper reaches of the intestinal 
tract. 

Stone and Firor“* felt that high intra-intestinal pressure. was the 
cause of the absorption of the toxic substance. They found that tlie 
normal intra-intestinal pressure was 1.5 cm. of water whereas the pres- 
sure above obstruction was over 150 cm. of water. They then tested the 
absorption of india ink from the nonnal intestine and found there was 
none. However, when they placed the substance in the lumen of the gut 
above an obstruction, they recovered it from the mesenteric glands and 
lymphatics. They then excised a loop of normal intestine, filled it with 
the toxic substance and placed it in Singer’s solution. They found that 
if they then in&ated the loop with air, the Ringer’s solution rapidly 
became toxic as tested by injection into an animal. This experiment 
does not, however, rule out damage to the mucosa. 

This theory of absorption, as stated most clearly by Brooks and his 
co-workers, is held by many other investigators (Scholefield,®® Gatch, 
Trusler and Ayers,®' Wilkie,” Dragtedt, Dragstedt and co-workers,“® 
Foster and Hausler,®® Fisherg ® and others). Van Beuren found that 
in experimental simple obstruction the lesions of the mucosa usually 
first appeared at the end of forty-eight hours. He suggested that the 
toxemia begins at this time, and compares it with the well known clinical 
fact that in cases of obstruction surgical intervention is of little aid 
after the obstruction has persisted for over forty-eight hours. 

I find but few opinions which oppose the theory that toxic absorption 
occurs through injured mucosa. The outstanding one is that of Whipple 
and his co-workers, whose theory has already been discussed in detail. 

144. Stone, H. B., and Firor, W. M.: Absorption in Intestinal Obstruction: 
Intraintcstinal Pressure as a Factor, Tr. South. Surg. & Gynec. Ass. 37:173, 1924, 

145. Dragstedt; Dragstedt; McCHntock, and Chase (footnote IS). Drag- 
stedt; Moorhead, and Burky (footnote 41, second reference). McClintock; 
Dragstedt and Dragstedt (footnote 21). 

146. Van Beuren, F. T., Jr.: Relation Between Intestinal Damage and Delayed 
Operation in Acute Mechanical Ileus, Ann. Surg. 72:610, 1920. 
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it is elaborated in the intestine or mucosa, and finds its way, by one or 
more of a number of devious passages, to the circulation. By means of 
the circulation, it is carried to the -rarious parts af the body, bringing 
with it destruction and death. 

Question 31 . — Does the toxin act on the central nervous system? 

There is nothing in the pathologic picture wliich points to any actual 
destruction of nervous tissue; however, some observers have remarked 
concerning certain ner\'ous manifestations. 

Clairmont and Ranzi observed symptoms mostly of a nervous char- 
acter. They added brain substance to the toxin before injection and 
claimed to demonstrate a lessened toxidty. They further injected brain 
extract from a dog which had died from obstruction, and found that it 
killed a mouse in two days. 

Magnus-Alsleben isolated a substance from the upper intestinal 
tract of dogs. When this substance was injected into rabbits in 
small amounts, it caused general central paralysis, cramps and death due 
to respiratory stoppage. 

Falloise injected extract of feces and obtained a fall in blood pres- 
sure, dyspnea, clonic and tonic convulsions, exophthalmia and dilatation 
of the pupils. 

Nesbitt thought the toxic substance was choline, which is a power- 
ful nerve poison. 

Sugito “ reported that he isolated the toxin from the brain of animals 
dying from obstruction. This substance, he states, is especially plentiful 
in the medulla. 

Question 32 . — Does the toxin act on the heart and large vessels ? 

There is no evidence of any action of the toxin on the heart and 
large vessels. 

Question 33 . — Does the toxin act on the lungs? 

There is no evidence of any action of the toxin on the lungs 

Question 34 . — Does the toxin act on the liver? 

The liver has received attention because, if the toxin is absorbed 
through the portal system it is the first organ to be affected. 

Harbvell and Hoguet described fatly changes in the liver at post- 
mortem examination and compared them to those found in the toxemias 
of starvation, pregnancy, dela^'ed chloroform poisoning and acute infec- 
tions. Draper and others could not find such changes. 

Colp and Louria^*® emphasized the fact that increased blood urea 
is not seen in liver insufficiency. They were unable to find any marked 
changes in liver function as demonstrated by the phenoltetrachlorphthalein 
test. 

149. Colp. R.. and Louria. H. W.: Liver Function in Intestinal Obstruction. 
.Arch. Surp. 10:756 (March) 1925. 
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He made the following experiment to test whether the blood or the 
peritoneum received tlie substance first : After placing tlie calcium iodide 
in the stomach, he performed a laparotomy and washed the peritoneal 
cavily out with silver acetate, leaving some free in the abdomen at 
closure. In six hours, the dogs were very ill. He was unable to find any 
c^lriiiTn iodide in the blood or urine, but on opening the peritoneal cavity 
he found a large precipitation of silver iodide and free calcium iodide. 

He obtained the same results when similar methods were appilied to 
simple obstruction and strangulation. Then he tested in a similar way 
the diffusion of various other substances through the intestinal wall. He 
found that crystalloids passed through more rapidly then colloids, and 
that bacteria did not pass through. 

His experimentation is a great argument in favor of the most careful 
han dli n g of intestines at operation. 

Thus evidence shows that it is possible for substances to pass through 
the wall of compromised gut and be absorbed by normal peritoneum. 

All the avenues of absorption having been considered, there is one 
remaining possibility by means of whidi the toxin can reach the circu- 
lation. 

Question 30 . — Is the toxin rather formed by the cells of the mucosa 
and secreted in both directions (i.e., into the intestinal lumen and into 
the blood stream) ? 

Many of the end-products of digestion are actually passed through 
the cells of the intestinal mucosa and these same cells secrete certain sub- 
stances into the intestinal lumen. This theory is not so improbable as 
may at first seem. It is further attractive to the imagination because 
a similar phenomenon occurs in acute pancreatitis. 

Whipple dnd his co-workers were the chief advocates of this 
theory. It does not seem necessary again to describe their work. 

Ellis was also attracted by this theory, although he admitted the diffi- 
culty of proof. He made the suggestion that the bacteria may activate 
the mucosa cells to form the toxin. 

Davis ** at one time was inclined to favor this theory. He thought 
the normal contents were toxic in the upper intestine where there are no 
bacteria, and tliat a perverted action of the mucosa would cause the injec- 
tion of this substance into the blood stream. He arrived at this rather 
by the process of elimination. 

The subject of the toxin has been discussed from all possible angles. 
It seem§ as if the majority of tlie eridence would point to the fact that 

148. Stone; Bernheim, and Whipple (footnote 105, first reference; footnote 42; 
Intestinal Obstruction: R'". Mechanism of Absorption from Mucosa of Closed 
Duodenal Loops, J. Exper. Med. 19:166, 1914). Whipple (footnote 50, first 
reference). 
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(2) Bloody exudate in the lumen of tlie gut. 

(3) Congestion of the pancreas. 

From the blood chemistry they note tlie following : 

(1) Marked'rise in the urea. 

(2) Slight fall in the chlorides. 

Sweet and Pemberton noted an inhibitory action of suprarenal 
extract on pancreatic secretion regardless* of changes in blood pressure. 

Sweet suggests epinephrine as a treatment for the toxemia of 
obstruction. 

Of what significance is this similarity? 

Another interesting and similar condition is anaphylaxis. 

Question 39 . — Is the toxemia in any way similar to an anaphylactic 
phenomenon? 

This subject has already been mentioned in relation to the closely 
allied condition, protein intoxication. 

A number of workers have remarked on the close similarity of toxic 
injection and anaphylactic shock in dogs (Whipple and his co-workers,^®® 
Sweet,®® South and Hardt^®). 

Louria^®* described urticaria in' a case of high obstruction. 

Rackemann, Longcope and Peters ’^® described low amounts of blood 
chlorides in serum sickness. 

The following description of the picture of anaphylaxis in dogs is 
found in the combined works of Hisanobu,^®® Major,^®® Webb,^®^ and 
Weil.®^ 

S 3 inptoms : 

(1) Vomiting. 

(2) Staggering gait, weakness in hind legs. 

(3) Collapse, tremor. 

(4) Low blood pressure. 

(5) Weak, rapid pulse. 

Pathology : 

(1) Intense congestion and hemorrliage of the gastro-intestinal tract. 

(2) Lungs, pleura and endocardium congested. 

(3) Congestion of liver. 

153. Stone; Bernheim, and Whipple (footnote 7). Whipple; Rodenbaugh, and 
Kilgore (footnote 90, third reference). 

154. Louria, H. W.: The Blood Urea Nitrogen in Acute Intestinal Obstruc- 
tion, Arch. Int. Med. 27:620 (May) 1921. 

155. Hisanobu, K.: On the Distribution of the Non-Protein Nitrogen in Cases 
of Anaphylaxis and Peptone Poisoning, Am. J. Physiol. 50:357, 1919. 

156. Major, R. H.: Blood Chemistr>’ in Allergy, Bull. Johns Hopkins Hosp. 
34:104. 1923. 

157. Webb: The Mechanism of Anaphylactic Lcucopenia in Dogs, J. Path. & 
Bactcriol. 27:79, 1924. 
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Draper and Scliultz quoted Pohl in affirming that conjugation of 
camphor.and glycuronic add takes place in the liver. They thought that 
thqr demonstrated a slight reduction of liver function by this test. 

Question 35 . — ^Does the toxin act on die other splanchnic organs? 

There is evidence of marked effect on the splanchnic organs, as shown 
by vomiting, bloody diarrhea, tenesmus, splanchnic congestion, engorge- 
ment of the liver, spleen and pancreas, and injection and ulceration of the 
intestinal mucosa. Whether this is due to direct or reflex action is not 
dear. 

Question 36 . — ^Does the toxin act on the kidneys? 

There are signs of slight renal damage as evidenced by albuminuria, 
occasional casts, slightly reduced ability to excrete urea and sodium 
chloride."'* This has already been discussed in detail. 

Question 37 . — Does the toxin act on all the cells of the body? 

There is good evidence that the toxin produces rapid breakdown of 
protein molecules. This is indicated by the extreme and rapid rise in 
the urea in both blood and urine. This, too, has been discussed in detail. 

Question 38 . — ^Does the toxin act on the glands of internal secretion? 

There is a certain strange and peculiar similarity between dogs that 
have died from toxic injection and those which have died after bilateral 
suprarenalectomy. 

This was first noticed by Sweet and Ellis.*® They found that dogs 
died after bilateral suprarenalectomy with a picture indistinguishable 
from that following toxic injection. Wliat is more, they were able to 
recover a similar toxin from the intestinal tracts of dogs dying from the 
former condition. 

Stewart and Rogoff”® described the following striking symptoms 
observed in suprarenalectomized dogs: 

(1) Vomiting. 

(2) Bloody diarrhea. 

(3) Tremors, weakness and convulsions. 

(4) Temperature normal or subnormal. 

At postmortem examination, Stewart and Rogoff described the fol- 
lowing observations : 

(1) Deep injection and frequent ulceration of the entire gastro-intestinal tract, 
most in the duodenum. 


150. Draper, J. W., and Schlutz, F. W.: Glycuronic Acid Determination (Tol- 
lens) in Duodenal Obstruction, Proc. Soc. Exper. BioL & Med. 9:28, 1911-1912. 

151. Sweet (footnote 117, first reference). 

152. Stewart and Rogoff (footnote 63) ; Studies on Adrenal Insuificiency in 

^3^1926 Animals not Subjected to Any Treatment, Am. J. Physiol. 78: 
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The great objection to the theorj' of shock is the meager experimental 
proof. There cannot be any question about the fact that the picture of 
high obstruction, whereas it may simulate shock in some respects, is 
\videly different in others. Shock may be an element in some cases, but 
it cannot possibly explain the whole phenomenon. 

Another group of workers claims that death is due to disturbance in 
the acid-base mechanism and dehydration plus starvation. This has been ' 
fully discussed elsewhere. In view of what has been brought out hereto- 
fore,' it seems evident that they are only dealing with part of the picture. 
They confine all their work to simple obstruction and do not attempt 
to explain closed loops or strangulation. Their explanation does not 
seem to be entirely adequate even for simple obstruction, because toxic 
symptoms do occur here. 

Draper Maury suggested tliat death may be due to the loss of some 
internal secretion which is elaborated by the duodenum and ^rnall intestine 
and is essential to life. This is definitely refuted by the fact that dogs 
will live indefinitely with the entire duodenum removed and have been 
kept alive three months after the removal of the pylorus, duodenum and 
upper part of the jejunum. 

Ellis said the fact that an identical poison is recovered from tiie 
gastro-intestinal tract after toxic injection suggests some physiologic 
dysfunction. 

It seems appropriate, under this heading, to discuss the work of 
Werelius.”” He studied drained duodenal loops and noticed that in 
twenty-four hours the secretion of bile stopped, and the bile was>replaced 
by a clear mucoid or reddish fluid. This change in the character of the 
biliary secretion predicted serious symptoms and deatli. He used this as 
the basis of his theory, in which he claimed that the liver depended for 
its normal function on the nervous reflexes derived from normal 
peristalsis. Therefore, if the intestine became aperistaltic for one 
reason or another, the liver ceased to function, and death resulted from 
this insufficiency. He applied this to intestinal obstruction, claiming that 
the intestine below an obstruction became aperistaltic and thus reflected 
on liver function. In this way he attempted to explain why high obstruc- 
tion was more fatal then low, i.e., because it resulted in more aperistaltic 
gut. He claimed that the high amount of urea was not an argument 
against liver insufficiency, because urea could be formed in other organs 
as well. This is an original idea, but lacking in experimental proof. 

It is further weakened by the symptomatologfj' he described in his ani- 
mals: (1) subnormal temperature, (2) albuminuria, (3) leukocytosis 
20,000, (4) low blood sugar, (5) increased urea and (6) low carbon 
dioxide. 
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Blood : 

(1) Leukopenia. 

(2) High nonprotein nitrogen, chiefly due to urea. 

(3) Rise in creatinine. 

(4) Fall in chlorides. 

* 

, Plashman reported tliat bilateral suprarenalectomy in rats increases 
their susceptibility to anaphylactic shodc. 

This provides more food for thought. 

Question 40. — ^Finally, is there no toxemia and is death rather' 
physiologic in character, being due to lack of some substance or sub- 
stances necessary for life, or to nervous shock? 

The theory of shock or a shock-like condition has attracted a few 
observers as a possible cause of death in strangulation. 

Braun and Boruttau " expressed the opinion that the nervous impulse 
due to occlusion not only has a mechanical action on peristalsis, but 
increases secretion to a great extent. Tliis, they think, leads to such a 
diminution of circulatory fluid that the animal dies of inanition, com- 
parable to death by exsanguination. They took kymographic records of 
animals dying in both conditions and found a great similarity. 

McLean and Andries“® propounded a somewhat similar theory. 
Being unable to demonstrate any toxic material, they felt that death was 
due to a depletion of the vascular and lymph systems causing grave 
disturbance of circulation, especially cerebral. They thought that a loss 
of sympathetic control played a large part in this phenomenon. 

Foster and Hausler felt that shock plays a large part in strangula- 
tion. They thought that a long loop is more rapidly fatal than a short one. 
They used this in building up their theory, saying that the shodc is due to 
pain, glandular inactivity and loss of blood into the strangulated bowel. 
They felt that toxic absorption is practically a negligible factor, empha- 
sizing the fact that nothing can be absorbed from a strangulated loop due 
to interference with the drculation. Tliey thought that they had elimi- 
nated peritoneal absorption ; then death resulted from a strangulated 
loop that had been placed in a rubber bag. Van Beuren,^®® von Khantz ^®^ 
and Willcie also thought that shock plays an important role. 

158. Flashman, D. H.: Effect of Suprarenalectomy on Active Anaphylactic 
Shodc in the 'White Rat, J. Infect. Dis. 38:461, 1926. 

159. Gamble; Bladcfan, and Hamilton (footnote 8, first reference). Foster 
and Hausler (footnote 82, second reference). 

160. Van Bcurcn, F. T., Jr.: Lethal Factors in Acute Ileus, Ann. Surg. 75: 
423. 1922. 

161. wn Kliantz, A. : Zur Frage dcr Baktcriamic bci Ileus und postopcrativcr 
Darmlahmung. Arch. f. klin. Qiir. 88:412, 1908-1909. 



URETERAL ACTIVITY IN SOME PATHOLOGIC 

CONDITIONS 

STUDIED BY THE GRAPHIC MANOMETRIC METHOD* 

HARRY ROBERT TRATTNER, M.D. 

CLEVELAND 

111 1924, I published some obsen'ations on peristalsis of the intact 
human ureter obtained by means of a graphic method. ■ Since that time 
additional physiologic data have been gathered and records taken in a 
number of patliologic cases. 

The object of this work is to tlirow greatly needed light on the 
hitherto meager knowledge of the' beliavior of the human ureter, and to 
give to the urologist a method that admits of easy application in the 
clinic, so that it is possible to recognize disturbances of ureteral function. 

In a review of the literature it was found that studies devoted to the 
physiology and physiologic pathology of the human renal pelvis and 
ureter are comparatively few. More numerous, however, are the inves- 
tigations which have been conducted on animal ureters, intact and 
excised. 

METHODS OP STUDY 

The methods of study of ureteral activity may be classified as fol- 
lows: (1) ocular observations — direct and indirect; (2) electro-uretero- 
graphic, and (3) graphic. 

Ocular . — ^Direct ocular observations are made by exposing a section 
or tlie entire extent of the ureter, leaving it in situ, or excising and plac- 
ing the organ in a bath of oxygenated Ringer’s or Locke’s solution. 
Investigations made simply by watching the ureteral waves are obviously 
inexact, particularly on the intact organ, because of the confusion of 
ureteral movements with those of the neighboring organs as well as the 
inability of the eye to follow many of the waves which are either too 
small or too rapid to be seen. For example, while one follows the wave 
from the renal pelvis, where it is usually initiated, to the bladder, one 
or more contractions may have followed the preceding one so closely 
that when the eyes are again directed to the renal pelvis, these con- 

* From the Department of Urology, Cleveland City Hospital, and the Depart- 
ment of Pharmacologj', Western Reserve Universitj'. 

The animal investigative part of the work is being assisted by a grant from 
the Therapeutic Research Committee of the Council on Pharmacy and Chemistrx’ 
of the .American ^fcdical Association. 

*Read before the Section on Urologj- at the Seventy-Ninth Annual Session of 
the .\mcrican Medical Association. ^linneapolis. May 13, 1928. 
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SUMMARY 

Certain facte stand out and should be emphasized. 

1. In high obstruction two different processes are involved : (a) a 
profound disturbance in the acid-base mechanism resulting in alkalosis 
and dehydration and (&) a definite toxemia. In simple obstruction, 
the first process is the more prominent and often fills the whole picture. 
However, toxemia may enter also to a varying extent. On the other 
hand, in closed loops and strangulation, the toxemia is on the ascendency 
and often crowds everything else out 

2. There is a toxin in the lumen of the obstructed gut and it looks 
very much as if it reached the blood stream and was responsible for 
the toxemia. The origin of this is not clear. Those who say that it is 
formed by bacteria must prove : 

(o) Why high is more fatal than low obstruction. 

(&) Why the toxin appears so rapidly after obstruction. 

(c) Why the toxin appears in the gut immediately after toxic 
injection. 

(d) Why the toxin appears in such conditions as clotting of the 
portal vein, acute pancreatitis, and bilateral suprarenalectomy, when 
there is no obstruction. 

Those who claim that it is not formed by bacteria must prove its 
formation in their absence. 

3. There seems to be some mysterious connection between the 
toxemia of high obstruction, acute pancreatitis, bilateral suprarenalectomy 
and anaphylaxis. 

I shall not attempt to draw conclusions myself. I should, however, 
like to emphasize the fact that more work should be done on strangula- 
tion. In this condition, toxemia is developed to its highest degree. The 
alkalosis and dehydration can be controlled. However, one 'rarely sees 
cases of simple obstruction in the clinics without the complication of 
toxemia; therefore, there remains the necessity of finding a means of 
combating this dread condition. 

What is the cause of death in high obstruction ? 
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2 . A cannula is inserted into the ureter, the cannula being attached 
to a water manometer and this to a piston recorder. Lucas and Satan! 
employed this method, but no description is given of the manner in 
which the urine was prevented from accumulating. 

3. Muscle levers are attached to the ureteral wall. This method 
records the activity of the longitudinal muscular coat. Obviously it 
cannot be used on the intact unexposed ureter. 

4. The New Graphic Method: The chief objection to the work on 
the intact organ has been the lack of an adequate method. This diffi- 
culty has, I think, been overcome in the apparatus herein described, 
because (c) ureteral activity is recorded while permitting a practically 
unobstructed urinary escape; (&) the method is adaptable to the intact 
unexposed human ureter as well as to the exposed or excised animal 
ureter, and (c) the method is of minimum inconvenience to both patient 
and operator. 

The manometer, although the same as the earlier model in principle, 
has been improved so that it is more sensitive and easier of manipulation. 
In order to establish the degree of peripheral resistance at which con- 
tractions are most satisfactorily maintained and to simulate intravesical 
pressures, a finely threaded screw .adjustment is now employed, thus 
permitting a regulation of the outflow to any desirable extent (fig. 1). 
By means of this instrument, graphic records have been taken from 
man, and from the dog and rabbit Consecutive tracings have been 
taken for as long as ten hours from the intact and excised ureter of 
the dog. In the human studies, a comparison of the activity of the 
ureter of one side is usually made with that of the other by using one 
manometer alternately. The upper, middle and lower portion of the 
ureter may be examined separately by placing the end of the catheter 
at the desired level. • Simultaneous records of the activity of both 
ureters have been made by employing two manometers. In a case of 
bilateral complete ureteral duplication, a simultaneous tracing was taken 
from all four ureters with four manometers. 

By this method the activity of the circular muscle of the ureter is 
recorded, but since the longitudinal and circular muscles (the latter 
being composed of more musde fibers, and therefore the stronger of 
the t^vo coats) usually contract simultaneously, the record obtained is 
a fair representation of ureteral activity. 

In my first paper it was pointed out that the ureter seems to possess 
two chief types of waves, namely, the small more rapid pendulum 
movements that are not concerned with the propulsion of urine, and 
the slower more powerful peristaltic contractions that are usually accom- 
panied by an outflow of urine. The rate and amplitude of these types 
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tractions have passed unnoticed. If only one point on the ureter is 
observed, it is difficult to differentiate between local contractions and 
those that pass the entire length of the ureter. 

Indirect ocular observations have been made by watching the 
activity of the lowermost section of the ureter through the c}'Stoscope. 
Data obtained in this manner are not wholly reliable because tliere 
may be inactivity of the upper and middle portion, while the lower sec- 
tion of the same ureter may be functionally competent. 

Studies of ureteral activity have also been conducted with tlie aid 
of the fluoroscope either during or after the injections of opaque solu- 
tion. This method is open to the following objections: 

1. The view is not sufficiently clear because of diffusion bj' inter- 
vening tissue and organs. 

2. Only short observations are possible because of the danger of 
overexposure to the roentgen ray. 

3. The intra-ureteral injection of any fluid toward the renal pelvis 
gives rise to abnormal activity of various degrees depending on the 
pressure of , injection, the position of the catheter in the ureter, the 
amount, kind and strength of solution emplo 3 'ed. 

Thus the emptying time of the renal pelvis could be hastened or 
delayed through a physiologic disturbance of the nature of hyperactivity, 
spasticity or temporary abolition of peristalsis. 

Elcctro-Uretcrographic . — In 1914, Orbeli and Brucke obtained 
electro-ureterograms in the rabbit by placing two electrodes a short 
distance apart on the outer wall of tlie ureter and attaching them to 
a galvanometer. They found that the smooth muscle of the ureter 
in situ, delivers rhythmic current variations of the tripliasic ground 
type. I have attempted to obtain an electro-ureterogram from the intact 
human ureter by placing one electrode in the ureteral lumen and the 
Other on the skin in the region of the renal pelvis, the electrodes being 
connected to the electrocardiograph. The result was tliat cardiac con- 
tractions were found superimposed on other current variations which 
probably represent ureteral airrent phenomena. Thus far this method 
has not been found applicable to the intact unexposed ureter. 

Graphic . — ^Records of ureteral peristalsis have been obtained in ani- 
mals by graphic methods as follows: 

1. A rubber capsule is bound to one end of a catheter which is 
inserted into the ureter and the capsule ballooned out, the free end 
of the catheter being connected with an ordinaiy .recording tambour. 
Fagge finsi recorded contractions from the intact animal ureter by this 
method. The objection to this procedure is that there is partial or com- 
plete obstruction to the flow of urine with the resultant effect of an 
increasing intra-tireteral pressure. 
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infiltration or thinning of the muscular coats through dilatation. The 
pain is usually more constant and dull rather than acute, but there 
may be acute exacerbations of pain. On vaginal examination, one or 
both ureters are found to be palpable and tender to pressure. The 
manometric tracing shows either a marked decrease in amplitude or 
total abolition of the peristaltic contractions. There is either a feeble 
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Fig. 3. — ^Typical tracings of the progressive degrees of ureteritis. A repre- 
sents one type of a normal tracing ; B, first degree ureteritis. There is an increase 
in the amplitude and rate of contractions (case 1). C is a tracing of second 
degree of ureteritis. There is a decrease in amplitude of contractions and there 
is little if any motor response to the intra-urcteral injection of saline. The ureters 
arc hypotonic (case 4). f? is a tracing of third degree ureteritis. There are no 
spontaneous contractions, and no motor response could be elicited by intra-urcteral 
injections of water. This demonstrates atonia or paralysis (case 26). 
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of waves vary, and they may be further subdivided into waves of various 
configurations. Ureteral tonus variations, tonic and spastic contractions 
may also be found. There may be a succession of various types of 
waves, they may be superimposed on each other, or the activity may 
be limited to one type only. Pressure on the ureter, changing the posi- 
tion of the patient (from recumbent to standing), moving the catheter, 
etc., usually alters rhythmical activity. Spontaneous alterations in 
rhythm may ako occur. 



Fig. 1. — ^Diagrammatic drawing of the improved' water manometer for the 
recording of ureteral peristalsis. The drop recorder is attached to the manometer 
(Biskind, AL S., and Dan, M.: An Automatic Drop Recorder, Froc. Soc. Exper. 
Biol. & ^Icd. 26:52, 1928). Tambour cup, scale and lever mounting arc 
removable. A longitudinal section of Uie outlet screw adjustment is shown. 

Ureteral contractions may also be classified as (1) complete, i. e.. 
those that pass the entire length of the ureter, (2) incomplete, i. e., those 
that arise in the renal pelvis .but disappear before reaching the bladder, 
and (3) local, i. e., those which are confined to a small segment of 
the ureter. The manometer records the complete contractions and many 
of the incomplete ones, and when the latter immediately follow the 
formcr„the-<'haracter of the waves is frequently bigeminal or trigeminal. 
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the back and thigh. There had also been nausea and smiting. She was in the 
hospital three weeks before with the same complaint. Cesarean section had been 
done four montlis before. 

On examination, tenderness was found in both lower abdominal quadrants and 
over the renal regions posteriorly; both ureters were palpable and tender vaginally. 
Cystoscopic examination showed a thick exudate coming from the right ureteral 
orifice. Infection was found onlj' on the right side. Bilateral pyclo-ureterograms 
sjiowed slight or moderate ureteral dilatation. Catheters were left in the ureters for 
twelve hours. 

Manomctric tracing showed atonicity of both ureters, there being no response 
to injections of water. A tracing repeated one week later, showed recovery of 
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Fig. 5 (case S). — The top tracing shows the left ureter to be atonic or paralj’zed 
and the right ureter to possess a slight increase in activity. The lower tracing 
(taken six days later) shows hjTiotonicity of both ureters. There has been a 
progression from ureteritis of the first degree to that of the second degree on the 
right side. 

activity of both ureters. At this time, the patient feels well and is free from 
symptoms (fig. 6). 

Case 7. — H. S., a woman, aged 31, had a condition clinicallj’ diagnosed uretcro* 
pyelitis of pregnancy (puerperal). She complained of backache and abdominal 
pain ; she had had spontaneous normal delivery. A cathetcrized specimen of urine 
contained many while blood cells. _ 

Cystoscopic examination showed a bilateral mixed infection (cocci and bacilli) 
with many white blood cells from each side. Pyelo-urctcrograms showed bilateral 
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or no motor response to the intra-ureteral injection of fluid, which 
may return slowly or not at all through the catheter (even though 
the catheter fits the ureteral orifice snugly enough to prevent backflow 
of fluid along side it into the bladder). Ureters in this class may 
recover their actiwty, or there may be a progression of the process 
into that of permanent paralysis. The following cases are illustrative 
of this division: 

Gvse 4.— C. J., a woman, aged 28, complained of abdominal pain, dysuria and 
frequency of urination for the past four weeks. For the past two days, she had 
had chills and fever (104 F.). The patient had had a similar attack fourteen 
years before. 

On examination, tenderness was found in the lower part of the abdomen. Both 
ureters were palpable and tender vaginally. Cystopic examination revealed a bilat- 
eral mixed infection (cocci and gram-negatwe bacilli). Bilateral pyelo-uretero- 
grams appeared normal. 



Fig. 4 (case 2).— First degree ureteritis. There is an increase in amplitude and 
an intermittent increase in the rate of contractions. 

Manomctric tracing showed hypotonus of both ureters (hg. 3 C). 

Case 5.— B. S., a woman, aged 20, had a condition clinically diagnosed pyelitis 
of pregnancy. Several hours after dclivco', she had liad a chill and complained 
of pain in the left lumbar region. For the past week there had been a dull pain 
radiating to the groin on this side. 

On examination a week later, costovertebral tenderness was found on the left 
side; both ureters were thickened on A^iginal examination. Cystoscopic examina- 
tion showed right colon bacillus infection. Right pyclo-ureterogram showed a 
slight ureteral dilntation. Manometric tracing showed powerful peristaltic waves 
on tlw right side (ureteritis of first degree), atonic relaxed left ureter, there being 
no response to the injection of water; bimanual pressure of the left kidney was 
transmitted through the ureter. A tracing token six days later showed that the 
right ureter was now also .atonic. On this side, there had been a progression from 
ureteritis of the first degree to that of the second degree (fig. 5). 

Case 6.--.^. B., had a condition clinically diagnosed subacute uretcro- 
pyelitis. She cvmiplaincd of pain in the right side of the .abdomen radiating to 



Fig. 7 (case 7). — ^Right pyelo-ureterogram showing a dilatation of the ureter 
above the first sacral vertebra. The lower ureteral section is normal in outline. 
From a case of puerperal ureteropyelitis. 
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Fig. 8 (case 7).— Tracings from the upper, middle and lower sections of both 
sides showing activitj* only in the lower undilatcd portions of the ureters. Tlicrc 
is atonia of the upper and middle sections and hypotonus of the lower sections. 
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dilatation of mid and upper ureters, also bilateral renal pelvic dilatation. The 
lower ureters, however, appeared normal in size. 

Manomctric tracing taken from the upper, mid and low'er ureters on the right 
and left sides showed the absence of peristaltic activity in the mid and upper por- 
tions, while the lower undilated sections still had some contractile power, though 
they were hs-potonic (figs. 7 and 8). The left pj-clo-ureterogram was similar to 
that of the right side in appearance. 

It is knowi that every portion of the excised ureter is capable of 
independent contractions. This case danonstrates that this may also 
be true of the intact unexposed ureter. 
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Fig. 6 (case 6). — ^The top tracing shows atonia of both ureters. The lower 
tracing (taken one week later) shows a recovery of activity on both sides. 


Cask 8.— C. K., a woman, aged 35. complained of abdominal pain on the right 
side radiating to the back and groin. The pain was more severe when lying down 
than when being up .n«l around, and also immediately prior to menstruation. There 
W!»s dysuria. frequency and hematuria. A right pyelo-urctcrogram showed a dila- 
tati«>n of the ureter and renal pelvis. Nine months later, a repeat pyclo-urctcro- 
grain showed the ureter restored to a iionn.il c.-ilibcr and the pelvis not so markedly 
dilated. Even though this is true, the manomctric tracing taken at this time shtnved 
the right ureter to have only pendulum mo\-cments, there being im motor response 
t\» water. The pressure produced by bimanual compression of the kidney was 
repcateilly transmitted to the manometer, thus slnoving that the right ureter was 
'•till atonic and relaNwl. The left ureter possessed spontanc^ms peristaltic waves 
(figs. 9. 10 and 111. 
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Case 9. — L. B., a ivoman, aged 20, emaciated, had a condition clinically diag- 
nosed: ureteropyelitis and peri-ureteritis. She complained of fever, pain in the 
right part of the back, loss of weight and frequency of urination of five weeks’ 
duration. 

On examination, tenderness was found in the right side of the lower part of the 
abdomen and right renal region. Cystoscopic examination revealed a bilateral 
infection (gram-positive cocci). Many white blood cells were found in specimens 
from both sides. The catheter passed on tlie right side, met an obstruction 17 cm. 
up on one occasion (verified by ureterogram), and on another occasion, no obstruc- 
tion was encountered (also verified by pyelo-ureterogram) . 

Manometric tracing showed bilateral loss of ureteral activity. Two months 
later, after the patient had been relieved of her symptoms and pelvic lavage with 
mild silver protein given, the tracing showed the right ureter to have recovered 
a slight amount of activity, and the left ureter to have completely recovered its 
contractile power. 

Case 10. — A. F., a woman, aged 24, single, complained of chills, fever and pains 
in the back: For the past four or five years, she had had attacks of abdominal 
and lumbar pain at the menstrual period. As a child, she had been a bed wetter. 
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Fig. 11 (case 8). — Second degree ureteritis. Tracing, taken at the time of the 
last pyelo-ureterogram (which appears normal) shows the right ureter to be atonic 
and relaxed throughout, since pressure applied to the kidney is transmitted to the 
manometer. 

The temperature was 104 F.; the urine contained many white blood cells. On 
examination, tenderness was noted over tlie right and left kidneys and along the 
course of both ureters, particularly the left. Both ureters were palpable and 
tender on vaginal examination. A left pyelo-ureterogram showed an absence of 
fluid in the lower section of the ureter; otherwise it was normal. 

A clinical diagnosis was made of acute ureteropyelitis superimposed on a 
chronic ureteritis. Manometric tracings taken on three different occasions showed 
hypotonicity of both ureters and practically no response to intra-uretcral injections 
of water. 

Case 11. — A. W., a woman, aged 35, complained of dysuria and dull abdominal 
pain radiating into the groin and pain in the back, particularly on the left side. 
The pain was more acute during menstruation. She had had this trouble for the 
past ten years. A pelvic operation was done four years before without relief. On 
examination, tenderness was found along the entire course of the left ureter and 
in the left renal region. The right ureter was thickened and tender on vaginal 
examination. The left ureter was not palpable, but there was tenderness to light 
pressure in that region. Urinalysis was negative. Nothing abnormal was found 
on cystoscopic examination. A bilateral pyelo-ureterogram appeared normal. 
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Case 14. — C. U., had tuberculosis of the right kidney with extensive ureteral 
involvement. The right ureter Avas palpable vaginally. Manometric tracing did 
not show any activity of the right ureter, tliere being no motor response to intra- 
ureteral injections of saline. The left ureter possessed some peristaltic activity. 

Right nephro-ureterectomy was performed. The ureteral specimen showed 
extensive infiltration. The right p 3 ’elo-urcterogram did not show the degree of 
involvement actually present (figs. 12, 13 and 14). 



Fig. 12 (case 14). — Tuberculosis of the kidney with ureteral involvement. 
Right pyelo-uretcrogram. The pehde and renal portions are typical of tuberculosis, 
while the outline of the ureter did not reveal the extensiveness of ureteral involve- 
ment found at operation. 

Case 15. — ^\V. D., had left tuberculous pyonephrosis with extensive ureteral 
involvement Manometric tracing did not show any spontaneous activity of the 
left ureter, and after two intra-ureteral injections of saline, there were pendulum 
but no peristaltic waves. The right ureter showed little spontaneous activity, but 
there was a peristaltic response to the intra-ureteral injection of saline. Left 
nephrectomy was performed. The ureter, as far as it could be seen at operation, 
was extensively infiltrated but could not be removed because of marked adhesions. 
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Manomctric tracing showed a tendency to increased peristaltic activity on the 
left side, while h 3 *potonus was found on the right side, there being no response to 
the inira-ureteral injection of water. 

A diagnosis of ureteritis of second degree on the right side and first degree 
ureteritis on the left (?) was made. 

Note: It is interesting to note that the patient complained of pain on the left 
side even though examination shows more involvement of the right ureter. 

Gvse 12. — E. H., a woman, aged 19, with puerperal pyelitis, seventeen 
days after normal delivcrj-, full term pregnancy, had a temperature rising to 39 C 
(102.2 F.), accompanied by marked tenderness over the right renal region, also 
some tenderness over the left renal area. Tlie urine contained many white blood 
cells. The ureters were palpable on ^*aginal examination; the left felt thicker 
than the right. 

Q’stoscopic examination showed +*f + white blood cells in urine from the 
left side and ++ wliite blood cells in urine from the right side. There was 
staphj'lococcus infection. P^'clograms were not made. Manomctric tracing showed 
a complete abolition of activity of the left ureter and a diminution of activity of 
the right ureter. It is of interest to note that the patient complained of pain on 
the side that examination shows to be the least inrolvcd. 

Case 13.— V. C., a girl, aged 16, complained of pain in the back and lower part 
of the abdomen, dizziness and nausea. The patient stated that this trouble began 
one 3 ’car before, immcdiatclj' after her first intercourse. Menstruation occurred 
twice a month, the flow lasting for eight da\*s. On examination, tenderness w*as 
found in both lumbar regions. On va^nal examination, there was tenderness 
along the course of both ureters, but they were not palpable. 

Cj'stoscopic observations showed nothing abnormal. I^Ianomctric tracing 
showed inactivity of both ureters. Tracing repeated two weeks later, showed 
recovery of activity of both ureters. At this time the patient feels well and is 
symptomicss. 

Often it is rather difficult to make a dogmatic classification of some 
of the cases, since a late second degree ureteritis may belong to that of 
the third degree. It is unusual for recovery of activity to occur in the 
latter division, but it is possible in some instances, particularly in .some 
cases of ureteropyelitis of pregnancy in which extreme ureteral dilata- 
tion is present, and after a year or longer the ureter may recover its 
normal caliber and .activity. 

Third Dctjrcr I'rctcritis. — Paralysis. 

Cases belonging to this division are those in which i>crisialtic ureteral 
activity has been permanently abolishctl because of extensive inflam- 
matory infiltration (fibrosis) or because of thinning of the muscular 
coats by marked dilat.ation (atrophy). On v.ngin.al e.xaniinatifm. the 
ureter is fonini to be thickened in most instances, and there may or may 
not be tenderness to palpation. The manometric tracing sbt)ws complete 
.absence <»f peristaltic .activity, there lieing no re.«i)onse to intra-urcteral 
injections of fljjid. Cases 1-1 and 15 are illustrative of cases in which 
tubi'rcnb>.>-i< of tlu* kidney with ureteral involvement occur-. 
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activity spontaneously, nor any response to intra-ureteral injections of water or 
saline (figs. 17 and 18). 

Case 18. — ^F. F., had left renal lithfasis. IManometric tracings taken on two 
different occasions did not show any activity of the left ureter, spontaneously or 



Fig. 15 (case 16). — ^Tuberculosis of the kidney without ureteral involvement. 
Left pyelo-ureterogram. The pyelograra is typical of tuberculosis of the kidney; 
the ureterogram shows some dilatation and a suspicion of the presence of ureteral 
involvement. 
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Fig. 16 (case 16). — Tracing showing both ureters to possess peristaltic activiti'. 
The operative specimen did not show any evidence of ureteral involvement. 


after the intra-ureteral injection of water. The right ureter had pendulum move- 
ments, and a low grade of peristaltic activity, there being only a feeble response to 
the injection of water on this side. 
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Case 16 is illustrative of a case of tuberculosis of kidnej' without 
ureteral involvement. 

Case 1(5.— E. H., had tuberculosis of tlie left kidney without ureteral involve- 
ment. Manometric tracing showed both ureters to possess peristaltic activitj’. Left 
nephro-ureterectomy was performed. The ureter looked and felt normal (figs. IS 
and 16). 



Fig. 13 (case 14). — Operative specimen showing extensive ureteral infiltration. 


JUlinP 



Fip. 14 (case 14). — Third di-prcc ureteritis. Tracinp fri>in the ripht ureter .cliuws 
a aunplete absence of peristalsis. The left ureter possesses spontaneous activity. 


Cases 1/. IS. 19. 20 anti 21 arc illustrative of cases of lithiasi'^ iti 
which manonictric tracing? are inatle. 


r.ssi; 17.— M. F., Ijad multiple sti-nes in the left kiihny and a left lumbar fi*- 


tula. Left nej'hrectMmy 
iitctiT to p >'M>s :v>rmnl 


was jH-rfonned. Man 'metric record ‘bowed tb.e rielit 
peristaltic activity. Tiiv left unter did n .t ‘b.ow .'tt'.y 
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Left nephro-uretcrectomy was performed. The left ureter was found to be 
markedly infiltrated. The patient died. The right ureter was removed at autopsy 
and was found to be the seat of early infiltration. The left pyclo-uretcrogram did 
not reveal the extensive ureteral involvement found (figs. 19, 20 and 21). 

Case 19. — ^H. E., had bilateral ureteral stones and a right perirenal abscess. 
Manometric tracings showed bilateral atonia. Two days later (after a stone on 
the left side had passed) the pressure tracing showed a hypotonic left ureter and 
atonia of the right ureter. 



Fig. 19 (case 18). — Renal lithiasis with infection. Extensive ureteral infiltra- 
tion on one side, early infiltration on the other. The right pyclo-uretcrogram 
shows moderate pelvic and ureteral dilatation. In the area of the left kidney there 
is a large shadow which is that of calculi. 

Case 20. — N. S., had stricture (which has been dilated) of the left lower ureter 
following ureterolithotomy performed three and one half months previously. At 
operation, the ureter appeared and felt normal; afterward there was wound infec- 
tion communicating with the ureter. The left pyelo-ureterogram appeared normal, 
and the infection had completely cleared up at the time the tracings were taken. 

hlanomctric tracing showed both ureters to possess good peristaltic activity. 
It is of interest to note tl»t ureteral actintj’ was not permanently arrested, even 
though there had been a severe infection. 
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Fip. 17 (rase 17). — Renal litliiasis with infection. Ureteral infiltration. The 
left ureterogram shows obstruction of the upper ureter and nniltiple .stones in the 
left renal area. 
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I'ig. 18 (case 1“).— •lliird ilcprix* urelcrhi-. The tup tracing of the right ureter 
normal activity ; the U-\\\r tracing is that irriu the left ureter .nml «hfjws 
cumplete ce»‘-ati'>n of functitci. 
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Case 21. — F. K., a man, aged 42, complained of severe pain (ureteral colic) on 
the left side. X-ray and cystoscopic examination showed a stone in the left lower 
ureter. A week later, the stone had passed spontaneously. 

Manometric tracing (taken one week after the passage of the stone) showed the 
left ureter to have diminished contractile ability, and the right ureter to possess a 
normal peristalsis. 

URETERAL DILATATION 

The normal ureter is usually not patent throughout, for while it is 
in systole in one small segment, it is in diastole in another. It has been 



Fig. 22 (case 22). — Operative specimen. Kidney with double ureters. There is 
pelvic and ureteral dilatation. 

found unusual for the pressure by bimanual compression of the kidney, 
or increased intra-abdominal pressure to be transmitted to the manometer 
through a hypertonic or normal ureter. If the pressure is transmitted, 
the ureter is either rela-ved throughout momentarily or is atonic without 
dilatation, or there is dilatation without complete mechanical obstruction. 
The manometric tracing together with the pyelo-urelerogram furnishe.s 
complete data in regard to this. In some of the cases a tentative diag- 
nosis of hydro-ureter was made and confirmed by the pyelo-ureterograni 
(cases 22 and 23). 
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Fig. 20 (case 18).— Operative specimen showing a kidney with a large calculi 
and a markedly infiltrated ureter. 



Fig. 21 (Ctisc 18). — Tliiril di-crtt- nr«.ttrn:<, k-ix tsrextr; fto r.d diJ'rf.- uretc.-Itir, 
right ureter. The tracing jhi-W' ci '*:.x:‘ n •»! iKv.ct:- :i nf xl:e !.. £t ureter and a 
low grade of activity of the right untcr. 
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activity could be demonstrated. Infection was absent in all. These were 
evidently early cases, but in those of long standing, particularly when 
associated with infection, hypotonus or paralysis of the ureteral mus- 
culature would, no doubt, be present. 



Fig. 24 (case 26). — ^Autopsy specimen of kidney, ureter and bladder. Tlicrc is 
a diffuse fibrosis with shortening of the ureter. There arc perforating ulcers in the 
lower ureter. See figure 3D for manomctric tracing from this ureter. 

THE MAIfOMETRIC TRACING AND THE PVELO-URETEROGRAM 

Frequently CAidence of ureteral involvement is not discernible from 
the plates, made after injections of opaque solution, even though it is 
known that such probablj* exists. This is particularly true of ureteritis 
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Case 22.— G. N., had right hydronephrosis and hydro-ureter. Manometric trac- 
ing showed a complete absence of activity of the right ureter, there being no 
motor response to the injection of water. Deep renal compression was .trans- 
mitted to the manometer. A tentative diagnosis of dilated ureter was made and 
confirmed by pyelo-uretcrogram and operation (figs. 22 and 23). 

Case 23.~J. R., a man, aged 43, had right hydronephrosis and hydro-ureter 
(infected, renal calculi). 

Manometric tracing showed that the right ureter had no spontaneous activity and 
that there was no motor response to the injection of water, while the left ureter 
had a normal peristaltic activity. Pressure produced by bimanual compression of 
the right kidney can be repeatedly transmitted to the manometer. The foregoing 
diagnosis, made tentatively, was confirmed by the pyelo-urcterogram and operation. 

Case 24. — G. M., had puerperal ureteropyelitis. Pyelo-urcterograms showed 
marked bilateral ureteral dilatation with kinldng of the middle of the left ureter. 
Manometric tracings, taken on two different occasions, showed both ureters to be 
without peristaltic activity, there being no motor responses to the injection of 
water. Pressure, produced by bimanual renal compression was transmitted to the 
manometer on the right side, but because of the presence of a ureteral kink there 
was no transmission of pressure on the left side. 

PrfxsuTf ApP I 
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Fig, 23 (case 22). — Tracing showing inability of the ureter to contract. Pres- 
sure produced by bimanual compression of the kidney is transmitted to the manom- 
eter. Because of this, a tentative diagnosis of dilated or relaxed ureter was 
made and confirmed. It is not known from which ureter the tracing was taken. 

Case 25. — ^M. B., had carcinoma of the cervix with extension and compression 
«*f the right lower ureter. There was a moderate dilatation of the ureter and 
pelvis above the obstructed area. 

Manometric tracing showed a complete absence of activity of the right ureter, 
there being no motor response to water injection, wltile the left ureter has spon- 
taneous peristaltic activity. 

Case 26 is illustrative of one in which tlifTnsc Itbro.sis occtirred. 

C.\sv. 26.— A, C., a woman, aged 39, had diffuse flbro^is of the ureter and peri- 
nephritic abscess. M.anomeiric tracing of the right ureter did not show .any peri- 
st.altic activity, there being no motor rc>p.»mc to injections of water (fig< 24 and 
.3D). 

1T.K1ST.\I.T1C .M'TIVITY IX TllK Wti:.^;nXtr. Of CORIJ 

Three pntient> were examinetl. one Invinj: vyjdiiliiic transver.-e 
myelitis, the other two Inrinvi tabes Xo interference with nreter;il 
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6. The manonietric tracings allow classification of ureteritis into 
three varieties according to the degree of ureteral activity. 

7. That the manonietric tracings represent the actual conditions of 
the ureter has been confirmed in some instances by the gross and micro- 
scopic examination of the specimen and in other instances by plates 
made following injections with opaque solution. 

8. Relief of S}'mptoms in patients who have ureteritis or uretero- 
pyelitis appears to occur simultaneously with the recovery of ureteral 
activity. Aggrai^ation of the disease, however, seems to be concomitant 
either with ureteral hyperactivity or with the loss of peristaltic con- 
tractile ability. 

9. Mechanical ureteral obstruction cannot be dissociated from func- 
tional ureteral impainnent, but diere may be loss of function in the 
absence of mechanical interference. 

10. The impression that the method is completely efficient in diag- 
nosis should not be obtained. It is intended as an additional aid, and 
1 hope that as the polygraph and electrocardiograph have been 
valuable adjuncts in the study of circulatory disturbances, so the record- 
ing of ureteral peristalsis will prove to be a useful and valuable method 
in the study and diagnosis of renal pelvic and ureteral disease. 
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of the first and second degree, while in cases belonging to the third 
degree, the pyelo-ureterogram does not always reveal the true extent of 
involvement. Given a normal pyelo-ureterogram, this docs not neces- 
sarily mean that the pelvis and ureter function normally. Given a 
moderate ureteral dilatation or a low lying kidney with ureteral dis- 
placement ; this does not necessarily mean ureteral incompetence*. Case 8 
(figs. 9, 10 and 11) demonstrates that manometric tracing depicted the 
state of the ureter more accurately than did the pyelo-ureterogram. 

The disturbances of ureteral function and the degree of same appear 
to be accurately shown by the manometric tracings, and frequently long 
before the changes would be obvious enough to be discovered on the 
x-ray plates. That the manometric observations represent the actual 
condition of tlie ureter has been corroborated, in some instances when 
it was possible, by the gross and microscopic examination of the speci- 
men, and in other instances by the pyelo-ureterographic obscn*ations. 

The tracings have been of aid in the interpretation of the studies 
made following injections of opaque solution, and in deciding which 
side to pyelograph when there appears to be no difference on either side 
from the various other examinations. 

CONCLUSIONS 

1. A more sensitive instrument, which is adaptable to the clinic as 
well as to the experimental laboratory, is presented for the recording 
of ureteral peristalsis. 

2. The ureter possesses two chief types of contractions, the waves 
of which assume various configurations. There are also tonus variations 
and changes of rhythm. 

3. The role of congestion of the female ureter in simple ureteritis is 
discussed. 

4. Manometric tracings have been taken in the following conditions : 
(o) normal; (b) hydro-ureter and hydronephrosis; (c) lithiasis; (rf) 
after urctero-lilhotomy, and after the spontaneous passage of ureteral 
stone; (r) cord bladder; (/) bilateral complete duplication of ureters- 
simultnneous records of all ureters, and (g) ureteritis of various 
degress ; tuberculous and nontuberculous. 

5. Manometric tracings arc of clinical v.ilue in detecting earlv as 
well as late disturbances of ureteral function; in the as^istaiice in the 
diagnosis of dilated ureter aiul pelvis without opaque studies, or to sup- 
jilement the latter; in deciding which ureter to inject with oix'iqne solu- 
tion when there api>ears to he no <IifTercnce on both sitles from the 
varimts other ex.aminatioiis; in knowing whether the ureter i'*- involve«l 
in tuherculo«i«. calculous disease, tumor, etc. 
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While investigating the degree of intra-intestinal pressure in simple 
obstruction/ a method was employed wliich was thought to give a 
fairly exact conception of the ^e and magnitude of the intestinal 
motility. The degree of pressure was found to be maintained at a 
level (from 6 to 8 cm. of water) about twice that of the normal 
maximum (from 2 to 4 cm. of water), and when the intestine became 
active, the pressure rose to ten or fifteen times the normal (from 
30 to 60 cm. of water). Having determined the type of motor activity 
and the degree of intra-intestinal pressure in this condition, it was 
concluded to record the effect of certain tissue extracts and drugs on 
the movements of obstructed intestine and on the intra-intestinal 
pressure.. 

For the most part, the action of a drug on smooth muscle, such as 
is found in the intestine, is usually determined by a suspension of a 
slip of that muscle in a water-bath and the addition of the drug to 
the medium. Perhaps the best example of this is in the biologic assay 
of solution of pituitary when the suspended uterus of a virgin guinea- 
pig is employed. In such studies it must be appreciated that certain 
factors and abnormalities are introduced which either are not present 
or might materially alter the effect of the same drug on that tissue 
when it is given to the living animal. Some of these factors are the 
contents of the medium, changes in temperature, acid-base equilibrium, 
the approach of the drug to the tissue, nervous control, both local 
and central, and nutritional abnormalities. Experiments that are con- 
ducted on a Imng animal eliminate many of these abnormalities, and 
perhaps the practical value and extent of activity of any drug or tissue 
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|)K. W. 1*. llK.\.\.':i'ii. Rorlie.'.ler. Minn.: 'rite pliy.'-ioinf'ie .>.lni|ie« wliirh were 
mailc of the ureter liy Hr. 'rr.ittner are exceeilinttly imereslinc anil sitonlil prove 
to lie of praeliV.il value. I am t:l:t«l that nty view of the atonic or inflammatory 
ureter which 1 have hehl many years tiaseil I'li clinical anil uroRraphic evirlencc i.« 
conflrmeil hy ri'Ceiit itive>.tif:ati*iH*!. \Vr are realixiiiR more anil more the importance 
of this leitholoRiV ehanpe in the ureter, anil when firesent it will affect our ircat- 
inent to a marheil ilcRree. 

Hr. P.M'I. \V‘. ,'\sriiNi.R. Xew York: Dr. Traltner'.s .studieii on the ureter will 
prove most huiMrtaut. I ilo mit know whether he correlates his tracitiRs with his 
pyeloRraphic study. \Ve have always Riven otir patients indiRo carmine f.sodhini 
indiRoIindisuIphonasl and have notieed for a numtK.'r of years that in a considerahlc 
nuiniH'r of patirnt" with hydrooireter and hydronephrosis there was a marked 
difference in the tyiw of ejaculation from the ureter as it came out .stained with the 
indiRo carmine. W'e Imve found that on the diseased side there is much le.ss direct 
ej.iculntinn, the fluid rather sei'piiiR out. \Ye have had one patient under ohjierva* 
tion for a mimlicr of years, who, foIIowiiiR iireRiiancy, was left with a {icrsistcnt. 
painful, dilated kidney and ureter which, on every examination, .show this jihe* 
nomennu. In spite of all treatment, this has {lersisted. In other words, evidence 
of dfsturlKince of the function of ureteral musculature can be discovered by 
chromo.scopy. 
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confirm these same observations. Degener,^= in investigating the effect 
of died on the hypophysis of the albino rat, maintained that while the 
nervous portion causes a relaxation of the isolated intestinal slip, the 
glandular portion causes a contraction, and while the whole gland gives 
chiefly relaxation, after feeding with oatmeal and a vegetable diet, the 
total extract from the hypophysis causes contraction. Uno,^® also 
working with albino rats, found tiiat extract of the hypophysis, after 
the animals had been fighting for from one to six hours, caused a 
contraction of the intestinal slip as contrasted with the extract from 
the control gland, which gave relaxation. Dixon, working on cats 
and dogs, noted that injections of solution of pituitary increase the 
tone of the small intestine but decrease the tone in the large bowel. 

Perhaps the first observation of a typical inhibitory response of 
isolated intestine to solution of pituitary was made by Bayer and Peter,^® 
in 1911, while working with pituitrin prepared by the Parke, Davis 
Company. They also sometimes observed increased activity after the 
period of inhibition. It must be borne in mind, too, that Blair Bell, 
in 1909, in testing suspended loops of intestine in Ringer’s solution, 
found that the addition of infundibular extracts caused a relaxation 
and cessation of movement, but that often this was preceded by a 
powerful contraction. 

In 1916, Shamoff” found that certain preparations from the 
posterior lobe resemble extracts of the suprarenal medulla in that th^ 
produce relaxation of the isolated intestinal loop and inhibition of its 
rhythmic contractions. Hoskins®^ observed relaxation of the dog’s 
intestines when pituitrin was injected intravenously. Pancoast and 
Hopkins made x-ray studies of eleven patients after giving pituitrin. 
They reported a primary depressing influence in the stomach on peri- 
stalsis, motility or both, followed by an increase of both. In the small 
intestine the motility, as a rule, was not affected or was slightly delayed. 
In the large bowel little if any effect was noted. 

Atwell and Marinus observed an inhibition of the intestinal rh 3 rthm 
of the isolated intestinal segment of the rabbit by rather weak dilutions 
of solutions of pituitary’. Strong solutions, they stated, increase the 
activity. 


12. Dcgener; Am. J. Phj’siol. 60:118, 1922. 

13. Uno: Am. J. Physiol. 61:208, 1922. 

14. Dixon: J. Physiol. 57:136, 1923. 

15. Bayer and Peter: Arch. f. exper. Path. u. Pharmakol. 64:204, 1911. 

16. Shamoff: Am. J. Physiol. 39:268, 1916. 

17. Hoskins, R. G.: Pituitary Extract, J. A. M. A. 66:733 (March 4) 1916. 

18. Pancoast and Hopkins: New York M. J. 105:289, 1917. 

19. .Atwell and Marinus: Am. J. Physiol. 47:76, 1918. 
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extract may be more tnillifiilly observcil. Aspiin. a correction mnsi 
occasionally be made for species, and iti this connection it must be 
stated that .nil the following observations were made on the dog. 

Other methods of determining the motor response of the intestine 
to certain drugs have been by means of x-r.ny. direct obsen-ation of 
the exposed intestine, the rubber balloon method and by alteration itt 
the rate of discharge of the intestinal contents. In .nil of these methods 
some degree of error is introdneed, and c.nch h.ns its limitations; so, 
too, in the method to be described certain abnormalities arc introdneed 
and difticulties encountered. These, in the main, will be found to 
consist of the following : the necessity of inducing a simple mechanical 
intestinal obstruction, which ncccsi-itatcs an anesthetic and laparotomy, 
.nnd the introduction of a foreign body into the lumen of the itucstine. 
On the other hand, one is eventually able to procure what we consider 
good graphic records of the intestinal motility, while the degree of 
intra-intcstinal pressure may be asccrt.ained with a fair degree of 
accuracy. 

The method of preparing the animals for these observation^ has 
been .’dready described, but a repetition may be given here itt brief. 

' Trciixic 

.Ml animals were given 1 1 prain (0.01fi Gni.l of itKirpliino bypfxlcrinic.ally 
ami ether anesthesia before operation. In some inrtanecs procaim*. 2 p*-r crril, 
was Hsed Joc.nlly. Strict aseptic precaution' ucrc employrti. The howfl 
•lonhly clamped .about <j inches (152 cm.) above tbc iU<*rtT.al valve and »ut 
across. The lower tml was turned in by the ra:krr-Kerr metb.i*-! and side.* 
foreed by a double row <if mattre" smnrc'. The clamp won rrini»\rd fr<>in 
the proximal portion tif the bowel and its Imm ii r>j»enril, into wbirh wa^ tilar>>{ 
the following .'ipparatu' : It con'i‘'Ud «■! a bra" tube al.fim 2 iiiehi-s <5''’^ cm > 
lum*. with an internal diameter of .> mm. and a tl’.rp.-»t!i d cxttrn.il «*:rf;!e.-. A 
ei>ne.avr nntal di'l: :ibom 1.5 cm. in dianwt.T v-.a- fixul .a* i.ur ...v! and a 
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line on the tracings, not one instance of increased motor activity was 
found. In ever)' case, the graphic record is a straight line that lends 
to approach the base line, indicating a falling off of intra-intestinal 
pressure and tone, and the absence of motor activity. The duration 
of these effects is dependent on the quantity of pituitary fluid given. 
The largest doses, 0.5 or 1 cc., are effective for from twenty to thirt)' 
minutes, while the smaller ones, 0.025 or 0.05, act for only from five 
to ten minutes at the most. The general constitutional reaction seems 
to go hand in hand with the effect on the obstructed intestine. When 
the one has passed off and is finished, the other, too, is returned prac- 
tically to the same condition as before the injection. Or if the effects 
of the dnig are delayed, as following the intramuscular injection, in 
the same way the response in the bowel occurs at the same time as 
the general reaction. 

In a few instances, it has been possible to observe intense peristaltic 
activit)' through a thin and scaphoid abdomen. When this was the 
case, or when the same could be induced by giving eserine, and much 
gurgling could be heard, the giving of a moderate quantity of pituitary 
fluid would cause a disappearance of the visible peristalsis and a 
cessation of the noises. 

Besides pituitary fluid and pituitrin, we have tried the effect of two 
other extracts of the posterior lobe of the pituitary gland, known as 
vasopressin and oxytocin. These preparations were procured from a 
batch that had been sent out by the Parke, Davis Company for clinical 
use and experimental trial. Kamm and others have indicated tlieir 
method of preparation and have brought forward good evidence to 
show that these substances represent two principles that are present 
in the posterior lobe of the hypophysis. 

Though, as is shown in table 1, we have made only five injections, 
three with oxytocin and two with vasopressin, we have noted practically 
the same results as we liave experienced with solution of pituitar}’ 
and pituitrin, except for the following differences; The vasopressin 
would appear to possess a pressor substance in much greater con- 
centration than in pituitary fluid, pituitrin or oxytocin, for an 
intravenous injection of 0.25 cc. caused an extreme blanching of the 
mucous membranes and fall in the pulse rate that were much more 
marked than was ever noted with 1 cc. of the other substances. 
Ox}’tocin gave the same constitutional reaction and effect on the 
intestinal motility as did pituitary fluid or pituitrin. 

As such a constant and definite result was observed after each 
injection of pituitar)' fluid, and this contrary to what was considered 

21. Kamm, .Aldricli, Grotc, Rowe and Biipbcc: J. Am. Chem. Soc. 1:573, 
1928. 
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Recently, McDonald "" threw great doubt on the commonly held view 
that the pituitary gland contains a general stimulant of plain muscle 
fibers, lie bclicve.s that .solutions of pituitary vary greatly in their 
content of inte.stinal stimulant; that this intestinal stimulant is alcohol- 
.solnhlc and allvali-.stahlc. and that the pituitary gland is not essentially 
richer in the .stimulant than arc several other tissues. 

The studies that we have made on the effects of solution of pituitary 
on the intestinal motility have been carried on for the most part with 
one preparation. The pow<ler from which this iiituitary liquid was 
made was prepared according to the directions given in the tenth revision 
of the U. .S. P. e.xcepl that it was subjected to an additional seventy-two 
hour extraction with ahsnlntc alcohol in a Soxhlct apparatus. The 
.solution, containing mg. of powder ikt cubic centimeter, was made 
up freshly each day. 'I'he additional extraction was done in the 
laboratory of the pharmacological department of the Johns I-Iopkins 
University School of Medicine and the solution made through the 
kindness of Dr. Ceiling. 

A number of tests were made with pituitrin prepared by the Parke, 
Davis Company, and the effects of this drug, so far as intestinal motility 
is concerned, arc identical with those procured when our own freshly 
made pituitary fluid was tiscd. 

As already mentioned, a good record of the intestinal motility may 
be procured by the foregoing method from thirty-six to forty-eight 
hours following the establishment of simple obstruction. Any time 
after this, injections of pituitary fluid may be given, intravenously and 
intramuscularly, and the results noted. Coincident with the effects 
seen on the motility of the bowel, certain general constitutional reactions 
were observed that in a sense confirmed that the extract was active. 
These in the main consisted of a marked slowing of the pulse rate 
and respirations, an extreme degree of blanching of the skin and mucous 
membranes; if the dose was suflicicntly large, the animal became 
“knocked out” as it were, and lay extremely still if it had been active 
previously. These responses following intravenous injection came on 
instantaneously, while after intramuscular injections, the constitutional 
responses were delayed from three to ten minutes. 

As will be seen in the accompanying tables, the doses varied from 
0.025 to 1 cc., the former being about as small an amount as could 
be given and still furnish positive and definite general effects. In 
every instance, as shown by a large number of graphic records, the 
response of the obstructed small intestine was the same. Whether the 
bowel was in an extreme state of motor activity, either spontaneous or 
induced, as the result of stimulation from some drug such as eserine, 
or whether the intestines were inactive, as would be shown by a straight 


20. McDonald: Quart. J. Exper. P]iy.sioI. IS: 191, 1925. 
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Table 1. — Effect of Pituitary Fluid and Pituitary on Intra-Intcstinal 
Pressure During Obstruction of the Small Bowel: 
Concomitant Systemic Effects — Continued 
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the general belief concerning the mode and manner of action of this 
substance, we attempted a few experiments to determine the action 
of pituitrin and solution of pituitary on the isolated strip of a dog’s 
intestine. In selecting portions of bowel for these studies, we have 
been well aware of the variety of conditions to which they were 
subjected. For example, we have used portions of intestine that have 
been obstructed from forty-eight to ninety-six hours. We have also 
employed bits of bowel that were procured from dogs that died almost 
instantaneously from thoracotonqr and bleeding. Practically all the 
material obtained in this manner was kept, after thorough washing, in 
freshly made Locke’s solution according to the modification of Smith 
and Mcaosky.== In other cases, absolutely fresh material was cut 
oflF as required from tlie intestine of an animal kept under iso-amyl-ethyl 
anesthesia, thus preventing any fall in temperature. Added to these 
variations, the slips of muscle suspended were cut in some cases 
longitudinally and in others transversely, in order to determine the effect 
on both types of muscle fiber. 

The slips of muscle that were procured under these many and 
varied conditions were suspended in the usual manner in 100 cc. of 
freshly made Locke’s solution, provided with an adequate supply of 
oxj'gen and kept at a constant temperature of 37 C. by a surrounding 
water-bath. The ordinarj'’ lever and kjnnograph completed the 
equipment. 

The quantities of pituitar)’ fluid, pituitrin and oxytocin added to 
the medium in which the muscle slips were suspended varied from 
0.05 to 5 cc.; that is, from 0.25 to 25 mg. per cent of dry powder. 
In all instances, with the exception of two cases, and there were close 

22. Smith and McCIosky : U. S. Public Health Sen'., Hyg. Lab, Bull., 
1924. no. 13S. 
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Taulk of Piluilary Pluid and Pituilary on Inira-lnleslinal Pressure 

Durinp Obslrnclion of the Small Hotcel; CoineomilanI Systemie P.ffeels 
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though its duration is somewhat shorter and not so pronounced, 
provided the quantity employed is the same in each instance. With 
small doses, still sufficient to give a constitutional effect, the repetition 
does not bring about continued inhibition of the intestinal motor activity, 
though certain constitutional effects still recur. 

ESERINE 

The action of eserine sulphate, as it is stated in the standard texts 
on pharmacology (Cushny,“ Meyer and Gottlieb,-^ Poulsson®® and 
others) is that of stimulation of both smooth and voluntary muscles 
either through their motor eiid-plates or through the production of a 
hypersensitivity of these same structures. Its emplo 3 Tnent, then, as 
a stimulant of bowel musculature is to be expected. Martzloff,-® using 
the small dosage of 1/100 grain (0.00065 Gm.) together witli 1/40 
grain (0.0016 Gm.) of strychnine, reported that the clinical use of this 



Fig- ,4 (O. P. 34). — Record for dog obstructed for forty-three Hours. The 
top tracing shows the normal; reaching a. maximal intra-intestinal pressure of 
24 cm. of water; the -second tracing shows the effect of 0.25 cc. of pituitary 
fluid given intravenously. The bowel was inactive for ten minutes. 

drug in the prevention of distention, and other conditions, was far 
from satisfactory'. Martin and Weiss,”" on the other hand, employing 
a much larger dose, from 1/16 to 1/20 grain (0.004 to 0.003 Gm.) 
of physostigmine salycilate, found satisfactory and beneficial results 
in those cases with a nontoxic type of distention. It was found less 

23. Cushny: A Text Book of Pharmacology' and Therapeutics, ed. 8, Phila- 
delphia, Lea & Febiger, 1924. 

24. Meyer and Gottlieb: Experimental Pharmacology' as a Basis for Thera- 
peutics. ed. 2, Philadelphia, J. B. Lippincott Co., 1926. 

25. Poulsson: A Text Book of Pharmacology and Therapeutics, Baltimore. 
Williams & Wilkins Company, 1924. 

26. ^^artzloff: Bull. Johns Hopkins Hosp. 35:370, 1924. 

27. l^Iartin. H. E., and Weiss, S.: Use of Physostigmine in Abdominal 
Distention, J. A. M. 84:1407 (May 9) 1925. 
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lo one hundred fresh preparations, wc found no stimulation, a fall 
in the tone or a cessation of the rhythmic movements. In the one 
there was a ccs.«!ation of the rhythmic movements and a slight rise in 
the lone. In the other, a fincstionahlc stimulation occurred; that is, 
a slight increase in the height of one of the rhythmic waves was 
recorded, though from its apjica ranee it would not seem unnsnal if 



Fig. 2 (O. r. 33). — Record for dog obstructed for sixty-eight hours. Tl>c 
uppermost tracing is the normal with maximum pressure of 27 cm. of water; 
the second tracing was made following the injection of 1 cc. of pituitary fluid 
intravenously. The cessation of waves and the fall of pressure to 3 cm. of 
water .should he noted. The Iowe.st record shows a return of peristalsis after 
twenty-three minutes. A rise in the intra-intestinal pressure is represented in 
all the tracings by a descent of the graph toward the bottom of the record. 
The timer records every sixth second. 



Fig. 3 (O. P. 34). — Record for dog obstructed for fifty-five hours. The 
top tracing shows the normal; the second, the effect of 0.5 cc. of pituitary fluid 
given intravenously. The third shows the return of motor activity after fifteen 
minutes when 0.5 cc. was given intramuscularly. 

pituitary had not been added to the medium. The accompanying 
tracings show in a general way the results obtained. 

Repeated doses of pituitary fluid or pituitrin in the animal with 
intestinal obstruction caused the same general constitutional reactions 
and the same effect in the intestinal motility as did the first injection, 





